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Foreword

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

electrotechnical standardization.

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

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex]
expression
World Trac
iso/forewo

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patént rights. Detail
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

planation of the voluntary nature of standards, the.meaning of ISO specific terms
s related to conformity assessment, as well as information about ISO's adherence to
e Organization (WTQ) principles in the Technical Barriers to Trade (TBT) see www.iso.d
rd.html.

This docun

hent was prepared by Technical Committee [SO/TC 211, Geographic information/Geomati

are
the
the

t of
s of
| /or

not

And
the

rg/

CS.

This first
revised.

edition of ISO 19136-1 cancels and replaces ISO 19136:2007 which has been technidally

The main dhanges compared to the previous edition are as follows:

The G
Consot
of this
12-097

pography Markup Language(GML) was originally developed within the Open Geosp4dtial
tium, Inc. (OGC). ISO 19186 was prepared by ISO/TC 211 jointly with the OGC. This edifion
document is a revision to’GML 3.2.1 (ISO 19136:2007). It addresses the OGC Change Reqyest

(gml:id attribute gn'kinearRing) by applying the following changes:

th

e XML attributegml:id in gml:AbstractGMLType has been made optional;

th Fml:

AR

b elements‘gml:AbstractRing and gml:Shell have been added to the substitutionGroups §
stractCurye and gml:AbstractSurface respectively;

th rml:

AR

b types gml:AbstractRingType and gml:ShellType are now extended from base types g
stfactCurveType and gml:AbstractSurfaceType respectively;

These changes correct inconsistencies with ISO 19107 without breaking the validity of instance
documents created using the GML 3.2.1 schema. i.e. all GML 3.2 instance documents that are valid
against the GML 3.2.1 schema are also valid against the GML 3.2.2 schema.

The corrected GML 3.2 schema is available at http://schemas.opengis.net/gml/3.2.1/. Note that the use
of “3.2.1” in the URL is unchanged since this version (3.2.2) replaces the GML 3.2.1 schema. Previous
versions of the GML 3.2.1 schema are available at htt schemas.opengis.net/gml/gml-3_2_1.zip.

The change to the gml:id attribute reverts a change that has been made between GML 3.1.1 and GML
3.2.1. Reverting this change also addresses comments raised by several communities since the release
of GML 3.2.1 /IS0 19136:2007.
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As the correction relaxes a constraint in the XML schema, not all instance documents created based on
the GML 3.2.2 schema will be valid against the GML 3.2.1 schema:

— all GML 3.2 instance documents that include a gml:id attribute on a ring or shell element are not
valid against the GML 3.2.1 schema;

— all GML 3.2 instance documents that include a feature, a spatial object or a temporal object without
a gml:id attribute are not valid against the GML 3.2.1 schema.

Local copies of the GML 3.2.1 schema documents have to be replaced by the GML 3.2.2 schema
documents - or be replaced by links to http://schemas.opengis.net/gml/3.2.1/gml.xsd.

— |URIs have been updated, mainly in examples, where OGC policies have changed since the¢ release of
GML 3.2.1 (location of the Xlink schema document, use of OGC HTTP URIs for coordinatp reference
systems).

— |The reference to the normative schema documents in Annex C now refers’ to the OGC schema
repository. Previously, copies of the GML schema were also published on }SO.Servers, but fhe schema
documents were not always synchronized. Going forward, all references to the nornmpative GML

schema document should go to http://schemas.opengis.net/gml/.
A lit of all parts in the ISO 19136 series can be found on the ISO website.

Anyf feedback or questions on this document should be directed-to the user’s national standafds body. A
conjplete listing of these bodies can be found at www.iso.org/mmfembers.html.
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Introduction

Geography Markup Language (GML) is an XML grammar written in XML Schema for the description of
application schemas as well as the transport and storage of geographic information.

The key concepts used by GML to model the world are drawn from the ISO 19100 series of International
Standards and the OpenGIS Abstract Specification.

A feature is an “abstraction of real world phenomena” (ISO 19101); it is a geographic feature if it is
associated with a locatlon relatlve to the Earth So a dlgltal representatlon of the real World may be
thought offasa 3e i [ eTTiE ere_gdach
property npay be thought of asa {name type Value} trlple

The numbdr of properties a feature may have, together with their names and types, is determined by its
type definition. Geographic features with geometry are those with properties that may be geomefry-
valued. A feature collection is a collection of features that may itself be regarded as+a’ feature; @s a
consequenge a feature collection has a feature type and thus may have distinct properties of its own, in
addition to the features it contains.

Following 1SO 19109, the feature types of an application or application domainis usually captured ip an
applicatior] schema. A GML application schema is specified in XML Schema.and can be constructefl in
two differgnt and alternative ways:

— by adhering to the rules specified in ISO 19109 for application‘schemas in UML, and conforminig to
both the constraints on such schemas and the rules for mapping them to GML application schemas
specified in this document;

— by adhlering to the rules for GML application schemas,specified in this document for creating a ¢ML
application schema directly in XML Schema.

Both wayq are supported by this document. Tevyensure proper use of the conceptual modelling
frameworl of the ISO 19100 series of International Standards, all application schemas are expe¢ted
to be modelled in accordance with the General Feature Model as specified in ISO 19109. Within|the
ISO 19100 peries, UML is the preferred language by which to model conceptual schemas.

GML specifies XML encodings, conformant with ISO 19118, of several of the conceptual classes defined
in the ISO[ 19100 series of Interpatienal Standards and the OpenGIS Abstract Specification. These
conceptual models include those-defined in:

— ISO/T§ 19103 — Conceptual schema language (units of measure, basic types);
— ISO 19]107 — Spatiabsehema (geometry and topology objects);

— ISO 19108 —.Temporal schema (temporal geometry and topology objects, temporal refergnce
systenjs);

— ISO 19[109)— Rules for application schemas (features);

— IS0 19111 — Spatial referencing by coordinates (coordinate reference systems);
— IS0 19123 — Schema for coverage geometry and functions.

The aim is to provide a standardized encoding (i.e. a standardized implementation in XML) of types
specified in the conceptual models specified by the International Standards listed above. If every
application schema were encoded independently and the encoding process included the types from,
for example, ISO 19108, then, without unambiguous and completely fixed encoding rules, the XML
encodings would be different. Also, since every implementation platform has specific strengths and
weaknesses, it is helpful to standardize XML encodings for core geographic information concepts
modelled in the ISO 19100 series of International Standards and commonly used in application schemas.
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In many cases, the mapping from the conceptual classes is straightforward, while in some cases the

mapping is more complex (a detailed description of the mapping is part of this document).

In addition, GML provides XML encodings for additional concepts not yet modelled in the ISO 19100 series

of International Standards or the OpenGIS Abstract Specification, for example, dynamic featu
observations or value objects.

Predefined types of geographic features in GML include coverages and simple observations.

res, simple

A coverage is a subtype of feature that has a coverage function with a spatiotemporal domain and a
value set range of homogeneous 1- to n-dimensional tuples. A coverage may represent one feature

or 4
dist
fun
(ISq

collection of features  to model and make visible spatial relationsnips between, and
ribution of, Earth phenomena” (OGC Abstract Specification Topic 6[18]) and a coveragg
Ction to return values from its range for any direct position within its spatiotempor
19123).

An
or 9
occ
feat

pbservation models the act of observing, often with a camera or some other procedur

irrence often involving measurement with instruments”). An observation is considered t

bference system provides a scale of measurement for assigningivalues to a position, tin
Criptive quantity or quality.

repla g
edltlon of ISO 19107 and other standards
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INTERNATIONAL STANDARD

ISO 19136-1:2020(E)

Geographic information — Geography Markup Language
(GML) —

Part 1:
Fundamentals

1

The
tra
fra
non

Thi

Imp
dec

Scope

Geography Markup Language (GML) is an XML encoding in accordance with“ISO 19]
port and storage of geographic information modelled in accordance with the€onceptua

s
inework used in the ISO 19100 series of International Standards and including both the

-spatial properties of geographic features.
5 document defines the XML Schema syntax, mechanisms and conventions that:

provide an open, vendor-neutral framework for the description of geospatial applicatic
for the transport and storage of geographic information imXML;

allow profiles that support proper subsets of GML framework descriptive capabilities;

support the description of geospatial application sehemas for specialized domains and i
communities;

enable the creation and maintenance of linked geographic application schemas and data
support the storage and transport of application schemas and datasets;

increase the ability of organizatiens to share geographic application schemas and the i
they describe.

lementers can decide to stere geographic application schemas and information in GML,
de to convert from songe,other storage format on demand and use GML only for schemn

trampsport.

NO1
and
an 3

E If an ISO 19109 conformant application schema described in UML is used as the basis for
transportationcofigeographic information, this document provides normative rules for the map

with a logical stkticture in accordance with the ISO 19109 conformant application schema.

2

Normative references

18 for the
modelling
Epatial and

n schemas

hformation

sets;

hformation

br they can
a and data

the storage
ping of such

pplication scheénia to a GML application schema in XML Schema and, as such, to an XML encodiing for data

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO 8601-1, Date and time — Representations for information interchange — Part 1: Basic rules

ISO/IEC 11404:2007, Information technology — General-Purpose Datatypes (GPD)

ISO
ISO

19108:2002, Geographic information — Temporal schema

19123:2005, Geographic information — Schema for coverage geometry and functions

ISO/IEC 19757-3, Information technology — Document Schema Definition Languages (DSDL) — Part 3:
Rule-based validation — Schematron
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ISO 80000-3, Quantities and units — Part 3: Space and time

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

W3C XLink, XML Linking Language (XLink) Version 1.1, W3C Recommendation (6 May 2010)

W3C XML, Extensible Markup Language (XML) 1.0 (Fith Edition), W3C Recommendation
(26 November 2008)

W3C XML Namespaces, Namespaces in XML 1.0 (Third Edition), W3C Recommendation (8 December

2009)

W3C XML $chema Part 1, XML Schema Part 1: Structures, W3C Recommendation (28 October 2004

W3C XML $chema Part 2, XML Schema Part 2: Datatypes, W3C Recommendation (28 October2004)

3 Ter

3.1 Tern
For the pui
[SO and IE
— IS0 On
— IECElIg
3.1.1

, definitions, symbols and abbreviated terms

hs and definitions
poses of this document, the following terms and definitions apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.gxg/obp

ctropedia: available at http://www.electropedia.osg/

applicatio|

schema

conceptual schema (3.1.52) for data required by one or more applications

[SOURCE: SO 19101-1:2014, 4.1.2]

3.1.2
associatio
<UML> sern

[SOURCE: 1

3.1.3
attribute

hantic relationship that cansatcur between typed instances

SO 19103:2015, 4.4, modified — Note 1 to entry has been deleted.]

<XML> naine-value paiteontained in an element (3.1.23)

Note 1 to e
an XML atty
<Road gml:j

htry: In this document an attribute is an XML attribute unless otherwise specified. The syntg
ibutesis:‘Attribute::= Name = AttValue”. An attribute typically acts as an XML element modifier
d ="“c1” />; here gml:id is an attribute).

12}

x of
(e.g.

3.1.4
boundary

set that represents the limit of an entity

[SOURCE: I
3.1.5

S0 19107:2019, 3.6, modified — Note 1 to entry has been deleted.]

child element
<XML> immediate descendant element of an element (3.1.23)
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3.1.6
closure

union of the interior (3.1.39) and boundary (3.1.4) of a topological object (3.1.59) or geometric object
(3.1.30)

[SOURCE: ISO 19107:2019, 3.8]

3.1.7
codelist
value domain including a code for each permissible value

3.1
coxﬂspace

rulg or authority for a code, name, term or category

EXAMPLE Dictionaries, authorities, codelists, etc.

3.19
composite curve
seqpence of curves (3.1.17) such that each curve (except the first) starts@tythe end point of the previous
curye in the sequence

Note¢ 1 to entry: A composite curve, as a set of direct positions, has all theproperties of a curve.

3.1{10
composite solid
conpected set of solids adjoining one another along shared boundary (3.1.4) surfaces

Notg 1 to entry: A composite solid, as a set of direct positiens, has all the properties of a solid.

3.1111
composite surface
conpected set of surfaces (3.1.57) adjoining.one another along shared boundary (3.1.4) curve

2]

Note 1 to entry: A composite surface, as-a:set of direct positions, has all the properties of a surface.

3.1112
coordinate
one|of a sequence of numbers)designating the position of a point (3.1.47)

Not¢ 1 to entry: In a spatialcoordinate reference system, the coordinate numbers are qualified by urits.
[SOPRCE: ISO 19141:2019, 3.1.5]

3.1{13
coordinate reference system
coofdinate-system (3.1.14) that is related to an object by a datum (3.1.19)

[SOUREE: 1SO 19111:2019, 3.1.9, modified — Note 1 to entry has been deleted.]

3.1.14
coordinate system
set of mathematical rules for specifying how coordinates (3.1.12) are to be assigned to points (3.1.47)

[SOURCE: ISO 19111:2019, 3.1.11]

3.1.15
coordinate tuple
tuple (3.1.60) composed of coordinates (3.1.12)

[SOURCE: ISO 19111:2019, 3.1.13, modified — Note 1 to entry has been deleted.]
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3.1.16
coverage

feature (3.1.26) that acts as a function (3.1.28) to return values from its range (3.1.50) for any direct
position (3.1.20) within its spatial, temporal or spatiotemporal domain (3.1.21)

[SOURCE: 1

3.1.17
curve

S0 19123:2005, 4.1.7, modified —Example and Note to entry have been deleted.]

1-dimensional geometric primitive (3.1.31), representing the continuous image of a line

Note 1 to e
two ends ar
is called thdg

image of a ljne” clause. A topological theorem states that a continuous image of a connected set is connected.

3.1.18
data type

specificatipn of a value domain (3.1.21) with operations allowed on values in this demain

EXAMPLE

Note 1 to er
type lack id

[SOURCE:
and Note 1

3.1.19
datum
parameter
coordinate

[SOURCE: ]

3.1.20
direct pos
position de

3.1.21
domain
well-defing

Note 1 to e
domain of t

Note 2 to enftry: Ardomain as in domain of discourse refers to a subject or area of interest.

[SOURCE: [S©719109:2015, 4.8]

3.1.22
edge

: € curve 1s a cycle
e identical, and the curve (if topologically closed) is considered to not have a boundary. The first
start point, and the last is the end point. Connectivity of the curve is guaranteed by the “contin

Integer, Real, Boolean, String, Date (conversion of data into a series ofieodes).
try: Data types include primitive predefined types and user-definable'types. All instances of a

bntity.

to entry.]

or set of parameters that realize the positiof;of the origin, the scale, and the orientation
system (3.1.14)

SO 19111:2019, 3.1.15]

ition
scribed by a single set of goordinates (3.1.12) within a coordinate reference system (3.1.13

d set

itry: A mathématical function (3.1.28) may be defined on this set, i.e. in a function f:A—B, A is
e function.fi

the
oint
ous

Hata

SO 19103:2015, 4.14, modified — Supplementary information has been added to Exanmple

of a

the

<topology> 1-dimensional topological primitive

Note 1 to entry: The geometric realization of an edge is a curve. The boundary of an edge is the set of one or two
nodes associated with the edge within a topological complex.

[SOURCE: 1

S0 19107:2019, 3.29]
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3.1.23

element

<XML> basic information item of an XML document containing child elements (3.1.5), attributes (3.1.3)
and character data

Note 1 to entry: The Extensible Markup Language (XML) 1.0 (Fifth Edition), Clause 3, uses the following
definition: “Each XML document contains one or more elements, the boundaries of which are either delimited by
start-tags and end-tags, or, for empty elements, by an empty-element tag. Each element has a type, identified by
name, sometimes called its ‘generic identifier’ (GI), and may have a set of attribute specifications. Each attribute
specification has a name and a value.”

3.124%
extperior
<gepmetry, topology> difference between the universe and the closure (3.1.6)

Note 1 to entry: The concept of exterior is applicable to both topological object and geometric object,
[SOPRCE: 1SO 19107:2019, 3.37]

3.1{25
face
<topology> 2-dimensional topological primitive

Notg 1 to entry: The geometric realization of a face is a surface. The bodndary of a face is the set of difjected edges
within the same topology complex that are associated with the face' via the boundary relations. These can be
orggnized as rings.

[SOPRCE: ISO 19107:2019, 3.38]

3.1{26
feature
abstraction of real world phenomena

Note 1 to entry: A feature may occur as a type.or an instance. Feature type or feature instance will b¢ used when
onlyf one is meant.

[SOPURCE: 1SO 19101-1:2014, 4.1.11]

3.1{27

feature association
reldtionship that links-instances of one feature (3.1.26) type with instances of the same or|a different
featlure type

[SOPRCE: ISO 19210:2016, 3.3]
3.1)28

funiction

<r1:}thematics, programming> rule that associates each element (3.1.23) from a domdin (3.1.21)
("squrce domain," or "domain" of the function) to a unique element in another domain ("target domain,"
"co-domain,” or "range" (3.1.50) of the function)

[SOURCE: ISO 19107:2019, 3.41]

3.1.29
geodetic datum
datum (3.1.19) describing the relationship of a 2- or 3-dimensional coordinate system (3.1.14) to the Earth

[SOURCE: ISO 19111:2007, 4.24]

© IS0 2020 - All rights reserved 5


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

3.1.30
geometric object
<geometry> spatial object (3.1.56) representing a geometric set (3.1.32)

[SOURCE: ISO 19107:2019, 3.49, modified — Note 1 to entry has been deleted.]

3.1.31

geometric primitive

<geometry> geometric object (3.1.30) representing a single, connected, homogeneous (isotropic)
element of space

[SOURCE: [SO19107:2019, 3.50, modified — Note 1 to entry has been deleted.]

3.1.32
geometridset
set of direcf positions (3.1.20)

Note 1 to erftry: This definition is taken from the definition in ISO 19107:2003 rather than450.19107:2019 sfince
the 2019 version uses the term "point" with a broader meaning than in this document.

[SOURCE: ISO 19107:2003, 4.50]

3.1.33

geometry property
<GML> property (3.1.49) of a GML feature (3.1.26) that describe$ some aspect of the geometry of
the featur

Note 1 to enftry: The geometry property name is the role of the geometry in relation to the feature.

3.1.34
GML application schema
application| schema (3.1.1) written in XML Schema™in accordance with the rules specified in fthis
document

3.1.35
GML document
XML document with a root element that is one of the elements AbstractFeature, Dictionary or
TopoCompl|ex specified in the GML chema (3.1.37) or any element of a substitution group of anjy of
these elempnts

3.1.36
GML profile
subset of the GML schema(3.1.37)

3.1.37
GML schema

schema (3{1.52)¥components in the XML namespace (3.1.43) “http://www.opengis.net/gml/3.2] as
specified in this document

3.1.38

grid

network composed of two or more sets of curves (3.1.17) in which the members of each set intersect the
members of the other sets in an algorithmic way

Note 1 to entry: The curves partition a space into grid cells.
[SOURCE: ISO 19123:2005, 4.1.23]

3.1.39

interior

set of all direct positions (3.1.20) that are on a geometric object (3.1.30) but which are not on its
boundary (3.1.4)
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3.1.40
line string
curve (3.1.17) composed of straight-line segments

3.1.41
measure
<GML> value described using a numeric amount with a scale or using a scalar reference system

Note 1 to entry: When used as a noun, measure is a synonym for physical quantity.

3.1.42
mefsurand
particular quantity subject to measurement

[SOPURCE: VIM:1993, 2.6]

3.143

narhespace
<XNIL> collection of names, identified by a URI (3.1.62) reference, which are.used in XML dofuments as
elethent names and attribute names (W3C XML Namespaces)

3.144
node
<topology> 0-dimensional topological primitive

Note¢ 1 to entry: The boundary of a node is the empty set.
[SOPRCE: 1SO 19107:2019, 3.69]

3.145
observable type
datq type (3.1.18) to indicate the physical quantity (3.1.46) as a result of an observation

3.146
physical quantity
quantity used for the quantitative description of physical phenomena

Notg¢ 1 to entry: In GML, a physical*quantity is always a value described using a numeric amount with a scale or
usirlg a scalar reference systein.)Physical quantity is a synonym for measure when the latter is used 4s a noun.

3.147
point
0-djmensional gepmetric primitive (3.1.31), representing a position

Note¢ 1 to entryyThe boundary of a point is the empty set.

3.148

polygon
pla surface—{3
boundaries (3.1.4)

) ace

or (3.1.39)

3.1.49
property
<GML> child element (3.1.5) of a GML object

Note 1 to entry: It corresponds to feature attribute and feature association role in ISO 19109. If a GML property of
a feature has an xlink:href attribute that references a feature, the property represents a feature association role.
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3.1.50

range

co-domain

<mathematics> acceptable target values of a function (3.1.28)

[SOURCE: ISO 19107:2019, 3.80]

3.1.51

rectified grid

grid (3.1.38) for which there is an affine transformation between the grid coordinates and the
coordinates (3.1.12) of an external coordinate reference system (3.1.13)

[SOURCE: ISO 19123:2005, 4.1.32, modified — The NOTE has been deleted.]

3.1.52
schema
formal desfription of a model

Note 1 to enfry: In general, a schema is an abstract representation of an object's characteristics and relationsh|p to
other objects. An XML schema represents the relationship between the attributes and €léments of an XML object.

EXAMPLE A document or a portion of a document.
[SOURCE: ISO 19101-1:2014, 4.1.34, modified — Note 1 to entry and EXAMPLE have been added.]

3.1.53
schema
<XML> collection of schema (3.1.52) components within the same target namespace (3.1.43)

EXAMPLE Schema components of W3C XML Schema are typ€s, elements, attributes, groups, etc.

3.1.54
schema dgcument
<XML> XMIL document containing schema (3.1.52) component definitions and declarations

Note 1 to eptry: The W3C XML Schema provides an XML interchange format for schema information. A sipgle
schema doqument provides descriptions of components associated with a single XML namespace, but seyeral
documents fnay describe components in.the'same schema, i.e. the same target namespace.

3.1.55
semantic fype
category of objects that share“some common characteristics and are thus given an identifying tiype
name in a particular domain-of discourse

3.1.56
spatial object
<topology,|geometry> object used for representing a spatial characteristic of a feature (3.1.26)

[SOURCE: [S@.19107:2019, 3.87]

3.1.57
surface
2-dimensional geometric primitive (3.1.31), locally representing a continuous image of a region of a plane

Note 1 to entry: The boundary of a surface is the set of oriented, closed curves that delineate the limits of the
surface. Surfaces that are isomorphic to a sphere, or to an n-torus (a topological sphere with n “handles”) have no
boundary. Such surfaces are called cycles.

3.1.58
tag
<XML> markup in an XML document delimiting the content of an element (3.1.23)

EXAMPLE <Road>
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Note 1 to entry: A tag with no forward slash (e.g. <Road>) is called a start-tag (also opening tag), and one with a
forward slash (e.g. </Road> is called an end-tag (also closing tag).

3.1.59

topological object

spatial object (3.1.56) representing spatial characteristics that are invariant under continuous
transformations

[SOURCE: ISO 19107:2019, 3.99, modified — Note 1 to entry has been deleted.]

3.1.60
tuppe
ordpred list of values

Note¢ 1 to entry: The number of values in a tuple is immutable.

3.1)61
UML application schema
application schema (3.1.1) written in UML in accordance with ISO 19109

3.1/62

Uniform Resource Identifier
UR
unifjue identifier for a resource, structured in conformance with\IETF RFC 2396

Notg¢ 1 to entry: The general syntax is <scheme>::<schemesspécific-part>. The hierarchical syfptax with a
nanjespace is <scheme>://<authority><path>?<query> — seeRFC 2396.

3.2| Abbreviated terms

CRS Coordinate Reference System

CS Coordinate System

CSV Comma Separated Values

CT Coordinate Transformation

DTD Document Type Definition

EPYG European Petroleum Survey Group
GIS Gebgraphic Information System
GML Geography Markup Language

NOTE The abbreviated term GML was previously used also as Generalized Markup
Language (which led to SGML, Standard Generalized Markup Language, [SO[8879).

HTTP Hypertext Transfer Protocol

IETF Internet Engineering Task Force

ISO International Organization for Standardization
0GC Open Geospatial Consortium

RDF Resource Description Framework

RFC Request for Comments
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SMIL Synchronized Multimedia Integration Language
SOAP Simple Object Access Protocol

SVG Scalable Vector Graphics

UML Unified Modeling Language

URI Uniform Resource Identifier

URL Uniform Resource Locator

URN Uniform Resource Name

Ww3cC World Wide Web Consortium

WFS Web Feature Service

XML eXtensible Markup Language

XSLT eXtensible Stylesheet Language — Transformations
0D zero-dimensional

1D one-dimensional

2D two-dimensional

3D three-dimensional

4 Conformance

4.1 Conformance requirements

Clauses 7 o 19 of this document specify XML Schema components, i.e. the GML schema, which shall
be used in| GML application schemas~int' accordance with Clause 21. Clause 20 specifies rules for|the
specificatipn of a GML profile thatmay be defined for use in a GML application schema.

Few applicptions will requirecthe’ full range of capabilities described by the GML schema. This clapse,
therefore, dlefines a set of confermance classes that will support applications whose requirements rgnge
from the nlinimum necessary to define simple feature types to full use of the GML schema.

Most of thelschema cemponents specified in this document implement concepts defined in the ISO 19[100
series of International Standards. In these cases, the conformance classes defined in this document|are

Any GML apph

] . o are o 3 3 g 3 one
of the conformance classes shall pass all test cases of the corresponding abstract test suite.

Any software implementation claiming conformance to this document shall document the GML profile
supported by the implementation. The GML profile shall pass all mandatory test cases of the abstract
test suite corresponding to GML profiles.

4.2 Conformance classes related to GML application schemas

GML application schemas claiming conformance to this document shall conform to the rules specified
in Clauses 7 to 21 and pass all relevant test cases of the abstract test suite in A.1.

Depending on the characteristics of a GML application schema, 12 conformance classes are
distinguished. Table 1 lists these classes and the corresponding subclause of the abstract test suite.
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Table 1 — Conformance classes related to GML application schemas

Conformance class

Subclause of the
abstract test suite

All GML application schemas Al1l
GML application schemas converted from an ISO 19109 application schema in UML Al2
GML application schemas to be converted to an ISO 19109 application schema in Al3
UML
GML application schemas defining features and feature collections Al4
GM, npplir‘aﬁnn schemas dpfining cpnfin] geometries AlS
GML application schemas defining spatial topologies AL6
GML application schemas defining time A.1.7
GML application schemas defining coordinate reference systems Al
GML application schemas defining coverages A.19
GML application schemas defining observations A1.1Q
GML application schemas defining dictionaries and definitions Al11]
GML application schemas defining values Al112
4.3| Conformance classes related to GML profiles
The requirements of an application schema determine theXML Schema components from the GML

sch
sha

Dep
are

bma that shall be included in a GML profile. GML prefiles claiming conformance to thig
| satisfy the requirements of the abstract test suite;in A.2.

Table 2 — Conformance classes related to GML profiles

document

ending on the contents and requirements concerning a specific GML profile, 31 conformance classes

distinguished. Table 2 lists these classes and’the corresponding subclause of the abstracf test suite.

Conformance class

Subclause ofthe
abstract test quite

All|GML profiles A2.1
Geqmetric primitives (spatial) ~'0-dimensional A221.1
Geqmetric primitives (spatial) — 0/1-dimensional A221.72
Geqmetric primitives{spatial) — 0/1/2-dimensional A221.3
Geqmetric primitives)(spatial) — 0/1/2/3-dimensional A2.214
Gegmetric compléxes (spatial) — 0/1-dimensional A231.1
Geqmetric complexes (spatial) — 0/1/2-dimensional A.2.3.1.2
Gegmetriccomplexes (spatial) — 0/1/2/3-dimensional A.2.3.1.3
Tofolegic complexes (spatial) — 0/1-dimensional A241.1
Topologic complexes (spatial) — 0/1/2-dimensional A2.41.2
Topologic complexes (spatial) — 0/1/2/3-dimensional A241.3
Topologic complexes with geometric realization (spatial) — 1-dimensional A2.5.1.1
Topologic complexes with geometric realization (spatial) — 2-dimensional A.2.51.2
Topologic complexes with geometric realization (spatial) — 3-dimensional A.2.51.3
Coordinate reference systems A2.6
Coordinate operations between two coordinate reference systems A2.7
Temporal geometry — 0-dimensional A.2.8.1
Temporal geometry — 0/1-dimensional A.2.8.2
Temporal topology A29

© IS0 2020 - All rights reserved
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Table 2 (continued)

Conformance class Subclause of th_e
abstract test suite
Temporal reference systems A.2.10
Dynamic features A.2.11
Dictionaries A.2.12
Units dictionaries A.2.13
Observations A.2.14
Abstract cqverage A2-t5%
Discrete pdint coverage A.2.15.2
Discrete cufrve coverage A.2.15.3
Discrete sulrface coverage A2.154
Discrete solid coverage A215.5
Grid coverdge A12.15.6
Continuouq coverage A.2.15.7

Curve implementations, for those GML profiles including 1-dimensional spatial geometry objects, shall
always indlude a “linear” interpolation technique. Surface implementations, for those GML profiles
including P-dimensional spatial geometry objects, shall always dnclude a “planar” interpolagion
technique.|[Additional curve and surface interpolation mechanisms’ are optional but, if implemenlted,

they shall follow the definition included in this document.

NOTE 1 ompare these conformance classes with ISO 191072003, Clause 2, ISO 19108:2002, 2.2, |and

[SO 19123:2005, Clause 2.

NOTE 2 GML profile conforming to the three conferrhance classes “Geometric primitives (spatial) —
0-dimensional”, “Geometric primitives (spatial) — 0/1-dimensional”, and “Geometric primitives (spatial) —
0/1/2-dimepsional” (in addition to conformance class“All GML profiles”) conforms to the spatial profile deflned

in ISO 19137:2007 and the respective conformance-tests in ISO 19137:2007, B.1, B.2 and B.3.

4.4 Conformance classes relatedto GML documents

GML documents claiming conformance to this document shall conform to the rules specified in

Clauses 7 tp 21 and pass all releyant'test cases of the abstract test suite in A.3.

4.5 Conformance classes related to software implementations

Software implementations reading or writing GML or GML application schemas claiming conformgnce
to this document shall pass all of the corresponding abstract test suites described in the abstract fest

suite in Anhex B.

Depending|an-the capabilities of the implementation, 11 conformance classes are distinguished. Taljle

(O8]

lists th 1 3.1 1: 1ol £ ot ook iy
1STS €se Crassesana tne torresponamg suotrattSeor tire anstract testsuite:

Table 3 — Conformance classes related to implementations

Conformance class

Subclause of the
abstract test suite

All software implementations B.1

Support for remote simple Xlinks B.2.1
Support for extended Xlinks B.2.2
Support for nillable properties B.2.3
Support for units of measurement B.2.4
Support for ownership semantics of properties B.2.5

12
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Table 3 (continued)

Subclause of
Conformance class

abstract test suite

the

Metadata properties B.2.6
Support for GML profiles in instance validation B.2.7
Writing GML B.3
Reading GML B.4
Writing GML application schemas B.5

Read

g

g

1 ongy 1 . 1
UlIIlg GIML dPPHCAtIOIl SCIICIIIAS

5

5.1

All
.op¢

All

idenmtifier "http://www.w3.0org/1999/xlink", for which the prefixxlink is used within this dq

NOT

5.2

Eac
defi
den
tha

NO']
and

5.3

Thd
for
furt

Sec

NOT
vers

Conventions

XML namespaces

components of the GML schema are defined in the namespace with the identifier "h]
ngis.net/gml/3.2", for which the prefix gml or the default namespace-is used within this

romponents described by the W3C Xlink Recommendation are-defined in the namespa

E The schema components in both namespaces are documented in XML Schema documents

Versioning

ned in the XML Schema Recommendation. The format of the version attribute string is x.
otes the major version number, y denotes a minor version number and z denotes a bug fix
document. The version described by this document is 3.2.2.

E GML 3.2 is the first version of GML as an ISO standard. Previous versions of GML have bee
published by the Open Geospatial Cohsortium (OGC).

Deprecated parts of previous versions of GML

verb “deprecate” provides notice that the referenced portion of this document is beir
backwards compatibility with earlier versions but may be removed from a future versi
her notice.

fions of thiS/document that describe or refer to deprecated GML components are written

E1 . This document is published by the Open Geospatial Consortium as GML 3.2.2, the previ
ion’of GML in the Open Geospatial Consortium was 3.1.1.

[tp: // www
document.

e with the
cument.

in Annex C.

h schema document specifying components of the GML schema shall carry a version attribute as

.z where x
release for

h developed

g retained
pbn without

in italics.

us adopted

NO

£ Z All SCiela Components tdt were pdrt ol version 4.1 Ol GVML DUt were deprecdated I v

GML have been removed and are not supported by this document.

5.4

UML notation

rsion 3.0 of

Many diagrams that appear in this document are presented using the Unified Modeling Language (UML)
static structure diagram. The UML notations used in this document are described in Figure 1.
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Association between classes

Association name

Agdgregation between classes

Class #1 Class #2
role-1 role-2
Association Cardinality
1.*
—— Class Only one Class One or more
0 T
Class Zero or more —— Class Specific number
0..1
== Class Optional (zero or one)

Class Inheritance (subtyping of classes)

A%glggzgate Superclass
[ [ | [ [ |
Ccc:)lranspso%ent C&rarlsp;oggnt Cgr;spso;ﬁ nt Subclass #1{ [Subclass #2 Subclass #n
Figure 1 — UML notation
In this docpiment, the following stereotypes of UML-class are used:
— <<DatqType>> is a set of properties that tack identity (independent existence and the possibl}lity
of sidg effects). A DataType is a class(with no operations whose primary purpose is to hold|the
information.

<<Unid
any tiny

<<Cod

<<Enu
enume

<<Abs

n>> is a set of properties{ The semantics is that only one of the properties may be preser
he.

<<FeatjureType>> is a feature as defined in ISO 19109.

bList>> is a flekible enumeration that uses string values for expressing a list of potential val

meration>>(is a fixed list of valid identifiers of named literal values. Attributes of
rated typ€ may only take values from this list.

fract>> is an abstract object type (the stereotype is used in addition to formatting the c

name i

It at

Lies.

an

[ass

Al o)

T ICarrcoyT

does not imply that they have to be concretely implemented as instance variables.

In this document, the following standard data types are used:

Schema).

14

Integer — An integer number (in general this data type is mapped to “integer” in XML Schema).

<<Type>> is a set of abstract attributes and associations. Abstract means that their specification

CharacterString — A sequence of characters (in general this data type is mapped to “string” in XML

Real — A floating point number (in general this data type is mapped to “double” in XML Schema).
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— Boolean — A value specifying TRUE or FALSE (in general this data type is mapped to “boolean” in
XML Schema).

5.5 XML Schema

The normative parts of this document use the W3C XML Schema language to describe the grammar of
conformant GML data instances. XML Schema is a rich language with many capabilities and subtleties.
While a reader who is unfamiliar with XML Schema may be able to follow the description in a general
fashion, this document is not intended to serve as an introduction to XML Schema. In order to have a
full understanding of this document it is necessary for the reader to have a reasonable knowledge of
XM L SL}lCllld.

6 |[Overview of the GML schema

6.1 GML schema

GML specifies XML encodings of a number of the conceptual classes defined in the ISO 191(0 series of
Intdrnational Standards and the OpenGIS Abstract Specification in conformance with thesq standards
and| specifications.

The relevant conceptual models include those defined in:

— |ISO 19103 — Conceptual schema language (units of measure, basic types);
— |ISO 19107 — Spatial schema (spatial geometry and topology);

— |ISO 19108 — Temporal schema (temporal geonietry and topology, temporal reference systems);
— |[ISO 19109 — Rules for application schemas{features);

— [ISO 19111 — Spatial referencing by coerdinates (coordinate reference systems);
— |ISO 19123 — Schema for coveragegeometry and functions (coverages, grids).

In many cases, the mapping from.the conceptual classes to XML is straightforward, while in fome cases
the[mapping is more complex-kor both cases, the mapping is documented in detail in Annex|D.

In gddition, GML provides XML encodings for additional concepts not yet modelled in the|ISO 19100
serjes of International’Standards or the OpenGIS Abstract Specification. Examples include moving
objécts, simple obséryations or value objects. Additional conceptual classes corresponding to these
exteénsions are also specified in Annex D.

Thg GML schema comprises the components (e.g. XML elements, attributes, simple typds, complex
types, atteibirte groups, groups) that are described in this document. The XML encoding cpnforms to
[SO|19118:

6.2 GML application schemas

Designers of GML application schemas may extend or restrict the types defined in the GML schema to
define appropriate types for an application domain. Non-abstract elements, attributes and types from
the GML schema may be used directly in an application schema, if no changes are required.

Following ISO 19109, the feature types of an application or application domain are specified in an
application schema. A GML application schema shall be specified in XML Schema and import the GML
schema. It may be constructed in one of two different ways:

— By adhering to the rules for GML application schemas specified in Clause 21 for creating a GML
application schema directly in XML Schema.
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By adhering to the rules specified in ISO 19109 for application schemas in UML, and conforming to

both the constraints on such schemas and the rules for mapping them to GML application schemas
specified in Annex E of this document. The mapping from an ISO 19109 conformant Application
Schema in UML to the corresponding GML application schema is based on a set of encoding rules.
These encoding rules conform with the rules for GML application schemas and ISO 19118.

Both ways are valid approaches to construct GML application schemas. All application schemas shall be
modelled in accordance with the General Feature Model specified in ISO 19109. Within the ISO 19100
series of International Standards, UML is the preferred language to describe conceptual schemas.

The second approach is recommended in general to ensure proper use of the conceptual modelling

framework
examples

Additi
access

Only a
so the

of the

NOTE ).

Schemain U

In both cas
GML schen
for XML Sc
the require

6.3 Rela
schema a

The approz

Clear
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profilg.

Suppo
two-w

Schemp

haveb
this al

NOTE \

The application may need a more optimized or compact XML encoding thafithe one thatis the re

of the ISO 19100 series of International Standards. However, the following reasons
Fhere it may be justified to apply the first approach:

bnal capabilities of the GML schema may be required in addition to the capabilitie$ that
ble by using the encoding rules specified in Annex E.

h XML representation may be required and the application schema may bg relatively sim
lise of a conceptual schema language may be considered an unjustified overhead.

encoding rules specified in Annex E.

ML.

es, GML application schemas conformant with this‘decument shall use all of the applic
a components, either directly or by specialization,’@nd are valid in accordance with the r
hema. How the GML application schemas were produced is not relevant for conformanc
ments of this document.

tionship between the ISO 19100 series of International Standards, the GML
nd GML application schemas

ich taken by this document is shown in Figure 2. The two main aspects are:

Hocumentation of the conceptual model of GML: The profile of the ISO 19100 serie
htional Standards that i$ imiplemented by GML is documented as well as the extensions to

't for application’schema development either in UML or XML Schema: In order to achieve
by mapping bétween UML (i.e. ISO 19109 conformant application schemas in UML) and 3
(i.e. GMLapplication schemas in XML Schema) the constructs used in both representat
ben limited.'While this reduces the expressiveness of the schema descriptions to some ext]
50 reduces their complexity and may make them easier to implement.

are

are

ple,

sult

\nnex F provides rules for mapping a GML application schema to@h SO 19109 conformant Applicdtion

hble
1les
e to
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(ML
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ent,

erse

Vhile'the mapplng from UML to XML Schema is discussed in ISO 19118:2011, Annex A, the rey|
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User-defined application schema
(UML using ISO/TS 19103 and ISO 19109)

Extension to the ISO 19100 series
(UML using ISO/TS 19103)

ISO 19107 ISO 19108
profile profile

Well-defined GML application schema encoding GNLapplication jschema

mapping rules (ISO 19136 Annex E and encoding rules
(|SO 19136 Annex D) ISO 19118) (ISO 19136 Anpex F)

N

imports
\4 v

GML schema GML application schema
(XML Schema) < (XML Schema)

Figure 2 — Relationship between the IS0 19100 series of International Standards and
1SO 19136/GML

6.4 Organization of this document

GML defines the various entities, e.g. features, geometries, topologies, through a hierardhy of GML
object types. The mapping-between GML object types and classes in the conceptual mgdel of the
[SO[19100 series of Inteknational Standards and the OGC Abstract Specification is shown ir Table D.2.
Theg normative GML schema is organized around these object types.

Subiclause 7.2 desgribes basic schema components of GML. It defines the root object, gml : Abstdactobiect,
and the root of\the GML class hierarchy, gm1 : AbstractGuMr.

Subiclause™8:1 describes the Xlink schema. This schema is an OGC implementation of|the XLink
spefification using XML Schema. It may be replaced in some future release by an equival¢nt schema
from'the W3C.

NOTE1  Within this document an XML Schema description is provided for xlink components. This is provided
for convenience in the context of an XML Schema-based environment. The normative definitions are given a non-
XML Schema form in the XLink Recommendation.

Subclause 8.2 defines the GML representation of some basic data types that are used in the GML schema.
Most of these types are simple types or simple content types.

Clause 9 describes the feature schema components which defines gmi1:abstractFeature and some
derived components.

Clause 10, 10.5.10 and Clause 11 describe the geometry schema components that define
gml :AbstractGeometry, gml:AbstractGeometricPrimitive, gml :AbstractGeometricAggregate,
gml:GeometricComplex and some derived components.
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Clause 12 describes the coordinate reference system schema components that define the subtypes of
gml:IdentifiedObject, gml:AbstractCRS, gml:AbstractCoordinateReferenceSystem, and the elements
and types required to construct specific coordinate reference systems.

Clause 13 describes the schema components for topology which define gml:abstractTopology,
gml:AbstractTopoPrimitive, gml:TopoComplex and some derived components.

Clause 14 describes the schema components for temporal constructs defining gml : AbstractTimeObject,
gml:AbstractTimePrimitive, gml :AbstractTimeGeometricPrimitive, gml:AbstractTimeTopolog

yPrimitive, gml:AbstractTimeComplex and derived components as well as gml:DynamicFeature and

derived components.

Clause 15 (Ilescribes the schema components for definitions and dictionaries including gm1 : De iy

andgml:Di

Clause 16
[gml:UnitE
gml:Abstr

Clause 17 ¢

Clause 18
component

Clause 19
gml:Abstr
derived co

ctionary

describes the schema components for the construction of units. ,of measg
efinition and derived components), measures and value objects (gmléRbstractval
ctScalarValue, gml:AbstractScalarValueList and derived components).

escribes the schema components for the description of direction.
describes the schema components for simple observations (gril :6bservation and derj

s).

ctCoverage,
nponents.

gml:AbstractDiscreteCoverage, gnl:AbstractContinuousCoverage

These clayses describe the normative GML schema and' explain their contents, structure

dependenc

The repre
format pra
schema dd
to the clas
component
(profiles) 4
XML repre

ies.

centation of the GML schema presented* in this document uses the XML intercha
vided by W3C XML Schema. The desc¢riptions of the set of components are factored

cuments, where each document. gathers together components that correspond brog
sification shown in Figure 2. However, while the XML representation of each GML sch
in this document is normative, the packaging into schema documents is not. Clause
nd Annex G (subsetting) describe principles and methods for alternative packaging off
tentation of GML schema components.

All components defined or declaved in this document use the same target namespace of http://wi

.opengis.ne

NOTE2 3}
documents.
than one sc
there are pi
application.
factoring off

t/gml/3.2.

[ML namespages\provide a mechanism for avoiding ambiguity arising from name clashes within
All components described in a single schema document are in a single target namespace, but
nema doclimment can describe components in a namespace. Within the XML development comm
ecedernts*for assigning either one or several namespaces to a set of schema components for a si
The usé of a single namespace for GML schema components is consistent with the non-norm4
the-XML representation of GML components between schema documents.

describes the schema components for grids and coverages. This describes gml:Gyi

ion
ure

ue,

ved

and

and

nge
nto
dly
Pma
20
the

WW

KML

ity

hgle
tive

UML uses packages to collect related components. Furthermore, within the ISO 19100 series of
International Standards, prefixes following the pattern "AA_" are used to distinguish classes from
different packages in a way that resembles XML namespaces. However, for the reasons given above,
packaging of GML components is non-normative and all GML components are in a single namespace, so
no correspondence between the two letter prefixes in the ISO 19100 series of International Standards
and XML namespaces in GML is possible.

6.5 Deprecated and experimental schema components

Experimental, informative schema components dealing with rules for a default styling of GML objects
are described in Annex H.

Deprecated global schema components (elements, attributes, types) are included in Annex I.
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7.1.
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GML schema — General rules and base schema components
GML model and syntax

1 GML instance documents

GML uses an explicit syntax to instantiate a GML application schema conformant with the General
Feature Model defined in ISO 19109 in an XML document.

A feature is encoded as an XML element with the name of the feature type. Other identifiable objects

are

Eac
enc

NOT1I
con

property rather than attribute or association role. The General Feature Model (50 19109) also us

"prd
Fur
the
elen]
a si
Wh
mal
eler

NOT
seri
can

Fea

Fea

encoded as XML elements with the name of the object type.

h feature attribute and feature association role is a property of a feature. Feature pro
pded in an XML element.

E1 The term "attribute" in XML refers to a specific syntactic component in XML-documents
usion when describing the XML encoding, GML follows RDF (W3C, 1999) terminology and usg

perty" as a generalization for "attribute”, "association role" or "operation";

thermore, the property semantics, which is indicated by the mame of the element r¢

nent. A property element may contain its value as content encoded inline, or reference its
mple XLink. The value of a property may be simple, or it.may be a feature or other comj
en recorded inline, the value of a simple property is recorded as a literal value with no
kup (text), while if the value is complex it appearsias a subtree using XML markup (
hent with sub-structure).

E2 The GML model has a straightforward repiesentation using the UML profile used in th
bs of International Standards (defined in ISO 19403). This is described in detail in Annex D and 4

perties are

so to avoid
es the term
es the term

presenting

property, is distinguished from the property value, which is given by the content of the property

value with
blex object.
embedded
.e. an XML

e [SO 19100
Annex E, but

be summarized approximately and briefly as, follows.
fures are represented
in UML by objects, where the namie of the feature type is used as the name of the object

in GML instances by XML elements, where the name of the feature type is used as the 1
element.

fure properties arer¢presented

in UML by assogiation roles with feature type classes, and attributes of feature type clas
the property’semantics are given by the association role name or attribute name;

in GML\nstances by sub-elements (known as property elements) of feature elements,
property semantics are given by the property element name.

The

rlass;

ame of the

ses, where

where the

property value has a type indicated

in UML by the class of the association target, or by the data type of the attribute;

— in GML, in the case of properties with complex values, by the name of the object element contained
within the property element and in case of a property with simple value by the type of the literal

value containing no embedded XML markup.

The result is a layered XML document, in which XML elements corresponding to features, objects or
values occur interleaved with XML elements corresponding to the properties that relate them. The
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function of a feature, object or value in context can always be determined by inspecting the name of the
property element which directly contains it, or which carries the reference to it.

NOTE 3

This encoding pattern is sometimes referred to as the “object-property model” and has been the basis

of the GML encoding model since the first version was adopted by OGC. While in some cases this encoding pattern
adds extra levels of elements in instance documents it also provides significant benefits: It helps to make a GML
instance document understandable on its own, provides a predictable structure and avoids too heavy reliance
on XML Schema as it is expected that GML instance documents can outlive the common use of W3C XML Schema

language.

7.1.2 Lexical conventions

There are
types to as

object

proper

their n
the na
abstra

[t is strong
only applid

NOTE

together as
forms the n
to be easily

7.1.3 XM
The GML s
XML e

XML e
XML af

beveral lexical conventions used in the GML schema for the names of elements and com
sist in human comprehension of GML instances and schemas:

b are instantiated as XML elements with a conceptually meaningful name in UpperCamelC

ties are instantiated as XML elements whose name is in lowerCamelCase;:

ame;
mes of XML Schema complex types are in UpperCamelCase ending in the word “Type”;
ct XML Schema complex types have the word “Abstract” prepended.

ly recommended to follow these conventions also incGML application schemas. The rules
able in languages that distinguish between upper and lower case.

UpperCamelCase is a naming convention in which a\name is formed of multiple words that are jo

h single word with the first letter of each of the multiple words capitalized within the new word
hme. lowerCamelCase is a variation in which the'first letter of the new word is lower case, allowi
distinguished from an UpperCamelCase name.

[L. Schema definition of GML language

thema consists of W3C XML Sechema components that define types and declare
ements to encode GML oObjects with identity,

ements to encode GME properties of those objects, and

tributes qualifying those properties.

A GML obj
From this

A GML pr

bct is an, XML element of a type derived directly or indirectly from gml:AbstractGMLT
erivatiohya GML object may have a gml:id attribute.

erty'shall not be derived from gml:abstractGMLType, shall not have a gm1:id attributg

blex

hse;

abstract elements have a prefix “Abstract” (objects) or “abstract” (properties) prepended to

are

ned
that
hg it

ypoe.

, Or

any other dttribute of XML type ID.

An element is a GML property if and only if it is a child element of a GML object.

A GML object shall not appear as the immediate child of a GML object.

Consequently, no element may be both a GML object and a GML property.

All XML attributes declared in the GML schema are defined without namespace, the only exception is

the gm1:id

XML attribute.

The use of additional XML attributes in a GML application schema is discouraged.

20
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gmlBase schema components

1 Goals of base schema components

gmlBase schema components establish the GML model and syntax, in particular
aroot XML type from which XML types for all GML objects should be derived,

a pattern and components for GML properties,

patterns for collections and arrays, and components for generic collections and arrays,

NOT1I
nani

7.2

7.2

An gbstract convenience element gml :Abstractobject is declared as follows:
<elpment name="AbstractObject" abstract="truel/As

Thip element has no type defined, and is therefore implicitly (in accordance with the rules o
Schpma) an XML Schema anyType. It is used.as the head of an XML Schema substitution g1
unifies complex content and certain simple content elements used for datatypes in GML, in
gmlkAbstractGML substitution group.

NOT
1S ng
sim

AG
objé
7.2

The
foll

<el

components for associating metadata with GML objects,

components for constructing definitions and dictionaries.

e (using URN syntax):

urn:ogc:specification:gml:schema-xsd:gmlBase:3.2.1
2 Base objects

2.1 AbstractObject

E gml:AbstractObject is defined primarily to act as a variable in certain aggregate patte
ble content elements to be valid-ih an instance.

ML dataset (also called a.data instance or data document) is represented by an object elg
ct may in turn be a.dollection of GML objects.

2.2 AbstractGML, AbstractGMLType

most basi¢’components for representations of identifiable objects are described in the
ws:

bment ‘name="AbstractGML" type="gml:AbstractGMLType" abstract="true" substituti]

E The corresponding schema document in Annex C is identified by the followjing location-independent

fW3C XML

oup which
Cluding the

'ns where it

pcessary to allow either elements in the gm1: AbstractGML substitution group, or certain complex content or

ment. This

schema as

onGroup=""

gml

 AbstractObject"/>

<complexType name="AbstractGMLType" abstract="true">
<sequence>

<group ref="gml:StandardObjectProperties"/>

</sequence>
<attribute ref="gml:id"/>
</complexType>

<group name="StandardObjectProperties">
<sequence>

©IS

<element ref="gml:metaDataProperty" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:description" minOccurs="0"/>

<element ref="gml:descriptionReference" minOccurs="0"/>

<element ref="gml:identifier" minOccurs="0"/>

<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
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</sequence>
</group>
The abstract element gml:AbstractcML is “any GML object having identity”. It acts as the head of an XML
Schema substitution group, which may include any element which is a GML feature, or other object,
with identity. This is used as a variable in content models in GML core and application schemas. It is
effectively an abstract superclass for all GML objects.

The pairing of gml:aAbstractoML and gml:AbstractGMLType shows a basic pattern used in the GML
schema, whereby each GML object type is represented by a global element declaration, which has an
associated XML Schema type definition. The name of an element representing a GML object indicates
the conceptual meaning of the object. Generic element names in GML include gm1:abstractobject,

gml:Abstr
gml:Abstr
defined els

The child X
represente
gml:descr]

NOTE
of applicat
gml:Abstrg
that are ussg

declaration$

be used inst

7.2.3 GML properties

7.2.3.1 (

The term

An element

GML objec
instantiate

GML objed
gml:Abstr
with simpl
property ¢
Schema co

Property e

inline:
This m

T

CTtGML, gmlTAbSTractreature, gmlrAbsStractvalue, gmlTADSTractlLoverd
ctTopology and gml:AbstractCRS. These other generic elements representing objects
ewhere in this document.

ML elements and XML attributes of a GML object are properties of that object,.Thus an ob
d by an gml:AbstractGML element has five non-deprecated properties: (en?:identif
ption, gml:descriptionReference, gml:name and gml:id. These are described in 7.2.4.

he group gml:StandardObjectProperties is provided for conveni€nge in the construd
on schema, particularly when it is desired to define types derived by restriction f
ctGMLType and gml : AbstractFeatureType. Derivation by restriction requires that all compon
d unchanged are copied down into the new type definition. As an alternative to including eler
for all the standard object properties, a one line reference to gmh¥standardObjectProperties
ead:

group ref="gml:StandardObjectProperties"/>

feneral

in a GML document or data stream-is a GML property if and only if it is a child element
element. The meaning of each property shall be indicated by the name of the element
s it.

ts may have an unlimited number of properties, in addition to those inherited f
ctGMLType. A propernty,may be defined to have either simple or complex content. A prop
e content has an XMk Schema simple content type, as illustrated by the case of the stand
lements gml:desoription and gml:name. A property with complex content has an }
nplex contenttype.

ements may use two modes:

ge,
are

ject
ier,

tion
rom
Ents
hent

can

‘Iproperty” is used to refer to a GML.property, which is any characteristic of a GML object.

of a
that

fom
Ity
ard
(ML

the walue of the property is represented directly, as the content of the property elemient.

ethod is used by the standard property gml :name and may be used for gm1:description

see

7.2.4.2)

by reference: the value of the property is available elsewhere, and is identified by the value of

an xlink:href attribute on the property element. This alternative method shall be used for the
standard property gml:descriptionReference (see 7.2.4.3).

EXAMPLE

NOTE

See 8.1 for examples on the use of xlink references.

Abstract Specification Topic 8 can be represented in several ways in a GML application schema:

The roles of feature associations as defined in ISO 19109 (General Feature Model) and OpenGIS

By implementing only one role of the association as navigable, i.e. representing it in the XML encoding. This

is the usual representation in the GML schema itself with some exceptions, for example, the boundary and
co-boundary association roles between the topology objects.
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By specifying individual properties in the feature types participating in the association. However in this
case, the consistency constraints implied by the association cannot be enforced by XML Schema validation.
This encoding style is, for example, used for the boundary and co-boundary association roles between the

topology objects and in Annex E. See also 7.2.3.9.

By creating an association object as a GML object. This also allows n-ary associations and assoc
properties to be modelled.

By using extended Xlinks. This encoding is similar to the “association object” representation.

.3.2 AssociationAttributeGroup

iations with

hk components are the standard method to support hypertext referencing in XML. An\X
ibute group, gml:AssociationAttributeGroup, iS provided to support the use of\Xli
hod for indicating the value of a property by reference in a uniform manner in GML. Th
1p is defined as follows:

attributeGroup name="AssociationAttributeGroup">
<attributeGroup ref="xlink:simpleLink"/>
<attribute name="nilReason" type="gml:NilReasonType"/>
<attribute ref="gml:remoteSchema"/>

/attributeGroup>

h the following definitions from Xlink (see 8.1):

attributeGroup name="simpleLink">
<attribute name="type" type="string" fixed="simpl€" form="qualified"/>

<attribute
<attribute
<attribute
<attribute
<attribute
<attribute

ref="xlink:
ref="xlink:
ref="xlink:
ref="xlink:
:show" />
ref="xlink:

ref="x1link

href"/>
role"/>
arcrole"/>
title"/>

actuate"/>

/attributeGroup>
value of a GML property that carries anzlink:href attribute is the resource returned by
link.

nilReason attribute may be used\in a property element that is nillable to indicate a r
ralue.

E All components in the attribute group are optional.

3.3 abstractAsseciationRole, AssociationRoleType

hents is provided in the GML schema as follows:

element, name="abstractAssociationRole" type="gml:AssociationRoleType"
Fract=ttrue"/>

egomplexType name="AssociationRoleType">

ML Schema
hks as the
s attribute

traversing

bason for a

support the encoding of properties that may have complex content, a basic pattern fdr property

equence minOccurs="0"

<any namespace="##any” />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

Applying this pattern shall restrict the multiplicity of objects in a property element using this content
model to exactly one. An instance of this type shall contain an element representing an object, or serve
as a pointer to a remote object.

Applying the pattern to define an application schema specific property type allows to restrict

©IS

the inline object to specified object types,

the encoding to "by reference only* (see 7.2.3.7),
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— the encoding to "inline only" (see 7.2.3.8).

NOTE1 Thedeclaration of gm1:abstractAssociationRole and its accompanying type definition is provided
for convenience, to act as a template or pattern for the construction of property elements in application schemas.
There is no requirement for specific properties to use XML Schema type derivation from gml:AssociationType
to create properties in a conformant GML application schema. This contrasts with the requirement that the
content model for all identifiable objects has to derive from gml:AbstractGMLType, and for all features from gml:
AbstractFeatureType.

NOTE2  While gml:abstractAssociationRole is abstract, its type gml:AssociationRoleType is not,

because the same type is used by the instantiable gml:member property (see 7.2.3.10). Note also that this
property hasbeen (‘Ipp}“pr‘nfp(‘]

7.2.3.4 Ipline or by reference?

ement in the content model for properties is optional. In combination with the‘component
ES in gml:AssociationAttributeGroup this means that an element of this type may haye a
ment or xlink attributes. GML property elements which follow this pattern may be usefl to
es either inline or by-reference.

Theanyel
cardinaliti
content ele
attach valy

EXAMPLE A utility property provided for features is “centerOf”. This may be-used to indicate a spatial

location inline as follows:

<gml:cent¢rOf>
<gml:Poilnt gml:id="point96" srsName="http://www.opengis.nebdb/def/crs/EPSG/0/4326">
<gml:pos>-31.936 15.834</gml:pos>
</gml:P¢int>

</gml:centerOf>

which used
property e

<gml:centq

where “htf
service ind

However, 4
both contd
occurrence
to be eithe

the gml:Point object as defined in the GML georhetry schemas (described in 10.2). The s
ement may be used to indicate a location by reference as follows:

rOf xlink:href="http://my.big.orghlocations/point53"/>

p://my.big.org/location/point53”\identifies a point (a gml:Point element) supplied by

icated.

property element followjing this pattern may have no content or attributes, or it may H
nt and attributes, and(still be XML Schema-valid. It is not possible to constrain the
of content or attributes, so it is not possible to use W3C XML Schema to restrict a prop
" inline or by-referénce only.

If both a li

k and content are present in an instance of a property element, then the object founc

hme

the

ave
co-
Erty

| by

traversing|the xlink:h¥ef link shall be the normative value of the property. The object included as

content shg

considered

1l be usedby the data recipient only if the remote instance cannot be resolved; this maj
to be a~cached" version of the object.

’ be

NOTE ost ‘GML-Object-valued properties in the GML schema can be encoded either inline or|by-
reference. Heweverusinga-cMi—prefile{seeLlause H-ispossible-te—restri e setoalineonbl’ or
“by-reference only”.

7.2.3.5 Ownership of property values

Encoding a GML property inline vs. by-reference shall not imply anything about the “ownership”
of the contained or referenced GML object, i.e. the encoding style shall not imply any “deep-copy”
or “deep-delete” semantics. To express ownership over the contained or referenced GML object, the
gml:OwnershipAttributeGroup attribute group may be added to object-valued property elements. If the
attribute group is not part of the content model of such a property element, then the value may not be
“owned”.

The attribute group is defined as follows:
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<attributeGroup name="OwnershipAttributeGroup">
<attribute name="owns" type="boolean" default="false"/>
</attributeGroup>

When the value of the owns attribute is “true”, the existence of inline or referenced object(s) depends
upon the existence of the parent object.

EXAMPLE If a property “hasOwner” is represented in an instance document as

<Parcel gml:id="pl23”>
<hasOwner xlink:href="urn:x-abc:1id:0123"/>
</Parcel>

then the referenced object, e.g. a person, is not “owned” by the parcel feature, i.e. the person feature will
not[be deleted, if the parcel is deleted. HHOWEVeT, it a property is encoded with an attribute owns="true”,
for pxample

Car gml:id="cl23”>

<hasParts owns="true” xlink:href="urn:x-abc:1d:x123”/>
<l=—= L ==

/Car>

then the referenced object is “owned” by the car feature, i.e. the part will be déleted, if the caf is deleted.

7.213.6 abstractStrictAssociationRole

The constraint that the value of a property may be either, embedded inline or specified by an
xlink reference may be described precisely using the auxiliary constraint language Schematron
(ISQ/IEC 19757-3). The abstract, global elements gml:abstgadtassociationRole and gml:gbstractst
ricfAssociationRole both use gml:AssociationrRoleTypéynbut the following schema fragments shows
how an element declaration may accompanied by a Schématron constraint to limit the progerty to act
in ejther inline or by-reference mode, but not both.

element name="abstractAssociationRole" .Eype="gml:AssociationRoleType"
absfract="true"/>

element name="abstractStrictAssociationRole" type="gml:AssociationRoleType"
absfract="true"/>

sch:schema xmlns:sch="http:{/purl.oclc.org/dsdl/schematron" xmlns:gml="http://www.
opehgis.net/gml/3.2" xmlns:xlink="http://www.w3.0rg/1999/x1link" xml:lang="en">
<sch:title>Schematronegonstraints for GML / ISO 19136</sch:title>
<sch:ns prefix="sch{ wri="http://purl.oclc.org/dsdl/schematron"/>
<sch:ns prefix="gn{l") uri="http://www.opengis.net/gml/3.2"/>
<sch:ns prefix=/=link" uri="http://www.w3.0rg/1999/x1link"/>
<sch:pattern>

<sch:rule-gohtext="gml:abstractStrictAssociationRole">

<schmassert test="not (@xlink:href and (*|text()))">Property element may not
carky both a refafence to an object and contain an object.</sch:assert>
<sCh:assert test="@xlink:href | (*|text())">Property element shall ejther

carfy a reffésence to an object or contain an object.</sch:assert>
<Asth:rule>
</Aseh:pattern>
/SChischema>
NOTE Some XML validators will process the Schematron constraints automatically. Otherwise, the
Schematron code can be seen as a formal description of a constraint. Itis included here primarily as an illustration
of how this can be used for specific purposes by application schema developers.

7.2.3.7 abstractReference, ReferenceType

In order to support the encoding of properties whose value is provided remotely by-reference, the
following components are provided:

<element name="abstractReference" type="gml:ReferenceType" abstract="true"/>
<complexType name="ReferenceType">

<sequence/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
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<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

The element gml:abstractReference is abstract, and thus may be used as the head of a substitution
group of more specific elements providing a value by-reference.

NOTE

While gml:abstractReference is abstract, its type gml:ReferenceType is not, because the type

is intended to be used in application schemas directly, if a property element is intended to always use a “by-
reference only” encoding.

7.2.3.8

In order to
are provid

<elemef

<compld

<se

</s9
<atf
</comp]

The element gml:abstractInlineProperty isabstract, and thus may be usediasthe head of a substitu

group of m

7.2.3.9 K
If the valu
associatior
gml:rever
constraint
property e

<elemef

EXAMPLE

<element 1
<annot

<apfj

</aj
</annof
</element

<complexTy
<sequel
<eld
</sequd
<attri
<attri

abstractinlineProperty, InlinePropertyType

supporttheencoding of properties whose vatue is provided imtite, thre fottowinmg compor

pd:
it name="abstractInlineProperty" type="gml:InlinePropertyType" abstractz'"grue"

xType name="InlinePropertyType">

fuence>

any namespace="##any” />

quence>

ributeGroup ref="gml:OwnershipAttributeGroup"/>
exType>

ore specific elements providing a value inline.

roperties representing the same relationship

e of an object property is another object and that object contains also a property for
between the two objects, then this name of thé‘reverse property may be encoded

ePropertyName element in an appinfo annotation of the property element to document
between the two properties. The value of the'element shall contain the qualified name of
ement.

Lt name="reversePropertyName" type="string"/>

ame="owner" type="ex:PersonPropertyType" minOccurs="0">
tion>

info>
gml:reversePropertyNamg>ex:owns</gml:reversePropertyName>
pinfo>

ation>

'pe name="PexsgnPropertyType">

lce minOcoprs="0">

ment refx"ex:Person"/>

nce>

uteGgenp ref="gml:OwnershipAttributeGroup"/>
uteGroup ref="gml:AssociationAttributeGroup"/>

</complexT

ents

Fion

the
na
the
the

yRe>

7.2.3.10 Properties of value objects

Value objects, see 16.4, are special objects in the sense that in the case of a single property that can be
represented by a single literal value, the value appears as the direct content of object element without
an extra element for the property.

EXAMPLE
gml:value>

26

<gml:Integer>5</gml:Integer> is used instead of, for example, <gml:Integer> <gml:value>5</

</gml:Integer>.
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7.2.4 Standard properties of GML objects

7.2.4.1 Derivation from AbstractGMLType

XML Schema types for all GML objects derive directly or indirectly from gml:abstractcMLType. This
means that all GML objects inherit certain standard properties that are included in the content model of
gml:AbstractGMLType.

7.2.4.2 description

Thevatueof thisproperty isatextdescriptionof theobjectgmrTaescripTIon USES gmI T STringOrRe £ Type
(seq 0) as its content model, i.e. it should contain a simple text string content.

element name="description" type="gml:StringOrRefType"/>
NOTE The use of gml:description to reference an external description has been deprecated and|replaced by
the gml:descriptionReference property (see 7.2.4.3).

7.214.3 descriptionReference

The value of this property is a remote text description of the objectThe xlink:href attripute of the
gmlfdescriptionReference property references the external description.

element name="descriptionReference" type="gml:ReferehceType"/>

7.214.4 name, identifier
The gm1:name property provides a label or identifier for the object, commonly a descriptive rlame.

An |object may have several names, typically assigned by different authorities. gml:name uses the
gmlkCodeType content model. The authority fér a name is indicated by the value of its| (optional)
codpspace attribute. The name may or may not\be unique, as determined by the rules of the ofganization
responsible for the codespace. In common.Gsage there will be one name per authority, so aprocessing
application may select the name from thé-codespace that it prefers.

element name="name" type="gflzCodeType"/>
Oft¢n, a special identifier is assigried to an object by the authority that maintains the feature with the
intgntion that it is used in reférences to the object. For such cases, the codeSpace shall b¢ provided.
That identifier is usually unigue either globally or within an application domain. gml:idenfrifier is a
preflefined property for such’'identifiers.

EXAMPLE UUIDs,andURNs are commonly used globally unique identifiers.
element name=s’identifier" type="gml:CodeWithAuthorityType"/>

7.2/4.5 id

The attribute gm1:id supports provision of a handle for the XML element representing a GML object. Its

uselistecommended for all GML objects. In particular, all GML objects that are intended to befreferenced
should carry an attribute gml:id For some GMI nh}'pr‘f types, the attribute gl :igdismandat ry.

<attribute name="id" type="ID"/>
It is of XML type ID, so is constrained to be unique in the XML document within which it occurs. An
external identifier for the XML element representing the GML object in the form of a URI may be
constructed using standard methods (IETF RFC 2396). This is done by concatenating the URI for the
document, a fragment separator “#”, and the value of the attribute of XML type ID.

7.2.5 Collections of GML objects

7.2.5.1 AbstractMemberType and derived property types

To create a collection of GML objects that are not all features, a property type shall be derived by
extension from gml : AbstractMemberType.
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<complexType name="AbstractMemberType" abstract="true">
<sequence/>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

The derived property type shall follow one of the patterns specified in 7.2.3 and may set the multiplicity

of the objects in the collection as required for its intended use.

This abstract property type is intended to be used only in object types where software shall be able to
identify that an instance of such an object type is to be interpreted as a collection of objects.

EXAMPLE

Seegml:DictionaryEntryType in 15.2.3 for such a property type.

By default
The owns 4
assert owr

another obj

7.2.5.2 (

A GML obije
content md

EXAMPLE
gml:dicti

In addition
a reference
about the
GML object

<attri
<atf
</attr]

The allow
ISO/IEC 11

<simplg
<re

</r{
</simp]

If a collection of aggregation type “array” is implemented in an application schema, then the array {

in the appl

If a collect

this abstract property type does not imply any ownership ot the objects 1n the collec

ect.

ML object collections, AggregationAttributeGroup

ct collection is any gml : Abstractobject with a property element in jts content model wh
del is derived by extension from gml : AbstractMemberType.

gml:Dictionary is a GML object collection, because the)content model of prop
naryEntry specified in 15.2.3 is derived by extension from gml :A%stractMemberType.

to the attribute group gml:Aggregationattributegroup to provide additional informa
semantics of the object collection. This informatign may be used by applications to gr
s, and optionally to order and index them.

uteGroup name="AggregationAttributeGroup">

ribute name="aggregationType" type="gml:AggregationType"/>

buteGroup>

bd values for the aggregationType attribute are defined by gml:aggregationType.

104:2007, 8.4 for the meaning of thé.values in the enumeration.

Type name="AggregationType' final="#all">
triction base="string">

enumeration value="sety™A>

enumeration value="bag"7>

enumeration values'sequence"/>
enumeration value=tarray"/>
enumeration value="record"/>
enumeration walude="table"/>
striction>

eType>

cationsschema needs to model the additional information to cope with indexing.

ofi-of aggregation type “table” is implemented in an application schema, then the table {

ttribute of gml:OwnershipAttributeGroup may be used on a property element instancg to
ership of an object in the collection. A collection shall not own an object alreadyowned by

}on.

ose

erty

the complex type describing the content model of the GML object collection may also include

Fion
oup

See

ype

ype

in the appl
about the f

4 i " 1 11l h A L 1 L. P 4 1.1 .1 [} h L
ICAULIUIT SCIICIIIA TICCUS LU IIIUUCT ULIIC AUUILIOUIId] TTITUT ITIIAatIUII (U dUU UIIC 1 Ul.il,lll Cu 111101 IIld
ields and their structure.

7.2.6 Metadata

tion

To associate metadata described by any XML Schema with a GML object, a property element shall be
defined whose content model is derived by extension from gm1:abstractMetadataPropertyType.

The value of such a property shall be metadata. The content model of such a property type, i.e. the
metadata application schema shall be specified by the GML application schema.

<complexType name="AbstractMetadataPropertyType" abstract="true">
<sequence/>

28
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<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

The property type derived from gml:aAbstractMetadataPropertyType shall follow one of the patterns
specified for GML property types in 7.2.3.

By default, this abstract property type does not imply any ownership of the metadata. The owns
attribute of gml:ownershipAttributeGroup may be used on a metadata property element instance to
assert ownership of the metadata.

If metadata following the conceptual model of ISO 19115 is to be encoded in a GML document, the
corresponding Implementation Specification specified in ISO/TS 19139 shall be used to encode the

s H e
metgatatamrornration:

EXAMPLE1  Assume that a feature type "Road" can be associated with two metadata elements,/a

pro

Thi

<co

</c

<co

</c

<co

Pro

</c

erty "horizontalAbsolutAccuracy” and a generic ISO/TS 19139 "metadata” property.

hplexType name="RoadType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<I== .. ==>
<element name="roadMetadata" type="ex:RoddMetadataPropertyType"/
<l=-= .0 ==
</sequence>
</extension>
</complexContent>
bmplexType>

hplexType name="RoadMetadataPropertyType'
<complexContent>
<extension base="gml:AbstractMetadataPropertyType">
<sequence>
<element ref="ex:RoadMetadata"/>
</sequence>
</extension>
</complexContent>
bmplexType>

plexType name="RoadMetadataType">
<complexContent>
<extension base="gmx:AbstractObjectMetadata Type">
<sequenee>
<glement name="horizontalAbsoluteAccuracy" minOccurs="0"
type="gmd:DQ AbsoluteExternalPositionalAccuracy PropertyType"/
<element name="metadata" minOccurs="0" type="gmd:MD Metadata
bertyTypety>
£ /sequence>
$lextension>
</complexContent>

Hata quality

5 may be mapped in the application schema as follows by bundling the metadata properties in a
conpplex property:

bmplexType>

<element name="RoadMetadata" type="myAs:RoadMetadataType" substitutionGroup="gmx:
bjectMetadata"/>

Then, an instance of a Road feature could look like:

<ex
<

:Road>
I . >

<ex:roadMetadata>

<ex:RoadMetadata>
<ex:horizontalAbsoluteAccuracy>
<gmd:DQ AbsoluteExternalPositionalAccuracy>
<!-- The DQ Element subelements are not detailed -->
</gmd:DQ AbsoluteExternalPositionalAccuracy>
</ex:horizontalAbsoluteAccuracy>
<ex:metadata>
<gmd:MD Metadata>

© IS0 2020 - All rights reserved
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<!-a full set of ISO/TS 19139 metadata elements -->
</gmd:MD Metadata>
</ex:metadata>
</ex:RoadMetadata>
</ex:roadMetadata>
<l-= L ==
</myAs:Road>

An alternative encoding representing the metadata properties as separate properties of the feature
would be:

<complexType name="RoadType">
<complexContent>
< ftension bg —"rjm'l Dbt roctiootiir 'T‘flr\ LLJ
<sequence>
<l== .0 ==
<element name="horizontalAbsoluteAccuracy" minOccurs="0">
<complexType>
<complexContent>
<extension base="gml:AbstractMetadataPropertyType">
<sequence>
<element ref="gmd:DQ AbsoluteExternalPositiqualAccuracy"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>
<l== .0 ==
<element name="metadata" minOccurs="0">
<complexType>
<complexContent>
<extension base="gml:AbstractMetadataPropertyType">
<sequence>
<element ref="gmd:MD Metadata"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>
<l== .0 ==>
</sequence>
<[fextension>
</complexContent>
</complexType>

The instange example would then look like this:

<ex:Road>
<l-= . >
<ex:horjzontalAbsoluteACcuracy>
<gmd:PQ AbsoluteExtérnalPositionalAccuracy>
<!-1 The DQ _EVTement subelements are not detailed here -->
</gmd{DQ AbsdluteExternalPositionalAccuracy>
</ex:hofizont&¥AbsoluteAccuracy>
<I-—- . -2
<ex:metgdata>
<gmd:NMDNMetadata
<!-a full set of ISO/TS 19139 metadata elements -->
</gmd:MD Metadata>
</ex:metadata>
<l== .. ==>
</ex:Road>
EXAMPLE 2  Assume that a dataset shall be enabled to contain Dublin Core metadata elements. This may be
mapped in the application schema as follows:

<import namespace="http://www.purl.org/dc/terms/" schemalLocation="http://schemas.opengis.
net/csw/2.0.0/rec-dcterms.xsd"/>

<complexType name="DatasetType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
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<l== L0 ==>
<element name="generalMetadata" type="ex:DublinCoreMetadataPropertyType"/>
S
</sequence>
</extension>
</complexContent>

</complexType>

<complexType name="GeneralMetadataPropertyType">
<complexContent>
<extension base="gml:AbstractMetadataPropertyType">
<sequence>
<element ref="ex:DublinCoreMetadata"/>
</sequence>
</extension>
</complexContent>
</cpmplexType>

<elgment name="DublinCoreMetadata">
<complexType name="DublinCoreMetadataType">
<sequence>
<group ref="dct:DCMI-terms" xmlns:dct="http://www.purlsorg/dc/terms/"/>
</sequence>
</complexType>
</ellement>

An Instance example could look like this:

<ex|Dataset>
<-- ... >
<gx:generalMetadata>
<ex:DublinCoreMetadata>
dc:title>Vector Smart Map Level 0</dc:title¥
dct:abstract>Vector Map: a general purposerdatabase design to support GIS
appllications</dct:abstract>
dc:publisher>US National Geospatial-Iidelligence Agency</dc:publisher>
dc:format>VPF</dc: format>
dc:coverage>world</dc:coverage>
dc:language>en</dc:language>
== -
</ex:DublinCoreMetadata>
<fex:generalMetadata>
<f-- ... -=>
</ek:Dataset>

8 [GML schema — Xlinks and basic types

8.1] Xlinks — Object associations and remote properties
Thd normative Xlink specification is available from W3C.

NOTE A.schema document xlinks.xsd is provided as part of the GML schema documents in Annek C.

Xlifk-components are used in GML to implement associations between objects by refetence. GML
property elements (see 7Z.Z.3) may carry XIink attributes, which support the encoding of an association
relationship by reference, the name of the property element denoting the target role in the association.
The most important Xlink component is:

xlink:href identifier of the resource which is the target of the association, given as a URI

The appearance of an x1ink:href on a GML property indicates that the value of the property shall be
found by traversing the link, that is the value is pointed to by the value of the x1ink:nhref attribute.
Following the terminology of Xlink, GML properties with x1ink:href attributes are sometimes referred
to as remote properties.

The other Xlink components are used to indicate additional semantics of the relationship. The most
useful of these are
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xlink:role

xlink:arcrole

xlink:title

description of the nature of the target resource, given as a URI

resource, given as a URI

description of the association or the target resource, given as text

description of the role or purpose of the target resource in relation to the present

For complete definitions of these and other Xlink components, including their use in extended Xlink
association maps, refer to the Xlink specification.

A URI reference [URI] is defined as an optional choice between an absolute or relative UR], followed by

fragment i
object pro
following:

a short
the gm

an eler

that se

[XPointer xmlns()] that define the namespace prefixes used in the XPath expression.

A URI that
refers to a

Absolute and relative URIs may include a query component that¢onsists of a question mark ("?") folloy

by a query
such query
may or ma
service.

In the GML}

denote renpotely referenced property values,

EXAMPLE 1

<myProf
EXAMPLE 2
can be enco

<myProj
EXAMPLE 3
gml:identifi

an xpojinter() scheme based XPointer [ XPointer xpointer()] containing anXPath [XPath] expres

Hentifier that consists of a crosshatch ("#") and additional reference information. For.(
berties and remote associations, this additional reference information shall be ong) of

hand (formerly called "barename") XPointer [XPointer Framework] consisting-of the valu
l:id attribute of a GML object, or

hent() scheme based XPointer [XPointer element()], or

lects a GML object, optionally preceded by one or more xmlns{) scheme based XPointg

Hoes not contain an absolute or relative URI, but that consists entirely of a fragment identi
ML object elsewhere in the same GML document.

to be interpreted by the resource. For GML object properties and remote associations,
shall be a request to a service that returns:a°*GML object. The URI containing such a qu
y not make use of a fragment identifier,~depending on the request syntax defined by

schema, simple Xlinks are used exelisively to denote association roles of GML objects an

A reference to an object element in the same GML document can be encoded as:

erty xlink:href="#o01%/>
A reference to an object element in a remote XML document using the gml:id value of that ol
Hed as:

erty xlink:href="http://my.big.org/test.xml#ol"/>
A referenéeto an object element in a remote XML document (or GML object repository) using
er property, value of that object can be encoded as:

ML
the

eof

bion

r(s)

fier,

ved
any
ery
the

d to

ject

the

<myPropertyexlink:href="http://my.big.org/test.xml#element (//gml:GeodeticCRSI./
gml:ident]fiér [RcodeSpace="http://www.opengis.net/def/crs/EPSG/0/"]="4326"]1)"/>
EXAMPLE 4—ATeferencetoamobjectelement withaumiformr resource mamnme tam beencoded as fottowsthote

that a URN resolver is required to resolve the URN and access the referenced object):

<myProperty xlink:href="urn:ogc:def:crs:EPSG::4326"/>

The IDREF data type and the unique, key, and keyref elements defined in the XML and XML Schema
specifications provide alternative identification and linking mechanisms to the ID data type and Xlink
reference for use within a single XML document. Although these XML components may be used in XML
Schemas, they have no normative role in GML, and shall not be used to denote association roles of GML
objects or remotely referenced property values.
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Basic types

8.2.1 Overview

W3C XML Schema provides a set of built-in “simple” types which define methods for representing values
as literals without internal markup. These are described in W3C XML Schema Part 2:2001. Because
GML is an XML encoding in which instances are described using XML Schema, these simple types shall
be used as far as possible and practical for the representation of data types. W3C XML Schema also
provides methods for defining
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complex types, with simple content, but which also have XML attributes.

hany places where a suitable built-in simple type is not available, simple content'types de
XML Schema mechanisms are used for the representation of data types in GM&:

bt of these simple content types that are required by several GML components are
basicTypes schema, as well as some elements based on them. Thege are primarily bas
ponents needed to record amounts, counts, flags and terms, together with support for
ull values.

E The basic types and elements are described in the basi€Pypes schema document in A]
ma is identified by the following location-independent name (using URN syntax):

urn:ogc:specification:gml:schema-xsd:basicTypes:3.2.1

2 Relationship with ISO 19103

19103 defines basic types for the conceptual schemas in the ISO 19100 series of In
ndards. GML implements a subset of these basic types as described in D.2.2.

E Some of the ISO 19103 basic types-are specified in other schema documents of the GML sq
easure are specified in Clause 16 and.vector in 10.1.4.5.

3 Simple types

3.1 NilReasonType

L NilReasonType defines a content model that allows recording of an explanation for a va
b1 exception.

npleType fame="NilReasonEnumeration">
<unionX
<simpileType>
<restriction base="string">
<enumeration value="inapplicable"/>

Fived using

defined in
ed around
exceptions

hnex C. The

fernational

hema: units

id value or

<enumeration value="missing"/>

<enumeration value="template"/>
<enumeration value="unknown"/>
<enumeration value="withheld"/>
</restriction>
</simpleType>
<simpleType>
<restriction base="string">
<pattern value="other:\w{2,}"/>
</restriction>
</simpleType>
</union>

</simpleType>

<simpleType name="NilReasonType">
<union memberTypes="gml:NilReasonEnumeration anyURI"/>
</simpleType>
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gml:NilReasonType is a union of the following enumerated values:

"inapplicable”: there is no value

value may not exist

"template": the value will be available later

However, a correct value probably exists

"missing": the correct value is notreadily available to the sender of this data. Furthermore, a correct

"unknown": the correct value is not known to, and not computable by, the sender of this data.

"other
includ

and

anyUR

A particulg
Alternativd
to be provi

gml:NilRed
(see 8.2.3.4

"withheld": the value is not divulged

:"+text: other brief explanation, where text is a string of two or more characters;witl
ed spaces

LI which should refer to a resource which describes the reason for the exception

r community may choose to assign more detailed semantics to the.standard values provi
ly, the URI method enables a specific or more complete explanatien for the absence of a v
ded elsewhere and indicated by-reference in an instance document.

sonType is used as a member of a union in a number of‘simple content types defined be
|, 8.2.4.1, 8.2.4.2, 8.2.4.3) where it is necessary to petimit a value from the NilReasonT

union as an alternative to the primary type.

8.2.3.2 H

The XML S
NOTE 1

EXAMPLE 1

<elemef
<elemef

By declaripg an element as nillablé. (i1 11able="true"), an instance of that element may omit its con

in cases wl
the XML Sd

EXAMPLE 2
documents

<my:am
<my:am
Declaring

By default the schema attribute nillable-has a value of “false”.

lements declared to be “nillable”

Chema attribute nillable may be includedin any element declaration within a schema.

The following element declarations illustrate the use of the nillable attribute:

Lt name="amount” type="deuPle” nillable="true”/>
Lt ref="my:amount” nilllable="true”/>

lere an empty value would normally not be schema valid by supplying an attribute nil f;
hema Instance namespace with the value “true”.

Elements thathave been declared with thisni11able="true" in the schema can appearininst
hs follows:

unt>34.567</my : amount>
unt, ®sd:nil="true”/>

hn- element to be nil is an implementation of the “Void” data type of ISO/IEC 11404

no

led.
hlue

low
ype

fent
"fom

ince

i.e.

represents

“any obiect whose presence is svntactically or semantically reaguired.  but carries
J r J J J 1 4

no

information in a given instance” [ISO/IEC 11404].

NOTE 2

optional, such as:

<element name="amount” type="double” minOccurs="0"/>
which allows the element to be omitted in the instance entirely.

This is different to an element declaration with the cardinality attribute set to make the element

In some situations where it is required to declare an element in an application schema nillable, it may be
convenient to also add an attribute of type gml:NilReasonType.

EXAMPLE 3

34
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element name="amount" nillable="true”>
<complexType>
<simpleContent>
<extension base="double">
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
</complexType>
/element>

element name="money” type=my:NRMeasureType” nillable="true”/>

complexType name="NRMeasureType”>

<simpleContent>
<extension base="decimal">
<attribute name="uom” type="token” use="required”/>
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
complexType>

my:amount xsi:nil="true” nilReason="unknown”/>
my:money xsi:nil="true” nilReason="other:myDaughterSpenfIt” uom="AUD"/>

 on elements representing GML properties (see 7.2.3). This allows properties that are

whille still permitting them to appear in an instance documient with no value.

WoIld allow the instances to be augmented with an additional attribute éxplaining the absence of a
value, such as

he GML schema and in GML application schemas, the “nillable” and “nilReason” constructfion may be

part of the

Lent of objects and features in GML and GML applicationlanguages to be declared to be nandatory,

NOTE 3  Both simple content and complex content eleménts can be declared as nillable, so this dqonstruction

allo

8.2

gml

A

vs a uniform syntax for properties with void values.

3.3 SignType

“«w,n

L SignType is a convenience type withlvalues “+” (plus) and “~” (minus).

simpleType name="SignType">
<restriction base="string">

<enumeration value="-4A>
<enumeration value=Y+%/>
</restriction>
<fsimpleType>

NOTE Elements or @tfributes of this type are used in various places, e.g. to indicate the flirection of
topaelogical objects with,"+" for forwards, or "-" for backwards.
8.213.4 booleanOrNilReason, doubleOrNilReason, integerOrNilReason, NameOrNilRegason,
stringOrNilReason
The types gml:booleanOrNilReason, gml:doubleOrNilReason, gml:integerOyNilReason,
gmlkN¥&meOrNilReason, gml:stringOrNilReason provide extensions to the respective XML Schema built-
in simple types to allow a choice of either a value of the built-in simple type or a reason for a nil value.

They are constructed as follows:

<simpleType name="booleanOrNilReason">

<union memberTypes="gml:NilReasonEnumeration boolean anyURI"/>

</simpleType>

<simpleType name="doubleOrNilReason">

<union memberTypes="gml:NilReasonEnumeration double anyURI"/>

</simpleType>

<simpleType name="integerOrNilReason">

<union memberTypes="gml:NilReasonEnumeration integer anyURI"/>

</simpleType>

<simpleType name="NameOrNilReason">
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<union memberTypes="gml:NilReasonEnumeration Name anyURI"/>
</simpleType>

<simpleType name="stringOrNilReason">
<union memberTypes="gml:NilReasonEnumeration string anyURI"/>
</simpleType>

8.2.3.5 CodeType, CodeWithAuthorityType

gml:CodeType is a generalized type to be used for a term, keyword or name.

<complexType name="CodeType">
<simpleContent>
<exfension base="string">
<gttribute name="codeSpace" type="anyURI"/>
</extension>
</simpleContent>
</complgxType>
It adds an ML attribute codespace to a term, where the value of the codespace attribute (if present)

shall indicate a dictionary, thesaurus, classification scheme, authority, or pattern for the'term.

EXAMPLE The gmlBase schema contains an element declaration using this type (see 8.2.3.5):

<elemefpt name="name" type="gml:CodeType"/>
so a corresponding element might appear in an instance document as follows:

<gml:ngme codeSpace = “http://www.ukusa.gov/placenames”>Sf Paul</gml:name>
In this example “St Paul” is asserted to be a meaningful name in aécordance with http://www.ulusa
gov[placeLtames. Note that in all cases the rules for the values,including such things as uniqueness
constraints, are set by the authority responsible for the codeSpace.

The derived type gml:CodewithauthorityType requires that the codeSpace attribute is provided i an
instance.

<compl¢xType name="CodeWithAuthorityType">
<sippleContent>
restriction base="gml:CodeType'.>
<attribute name="codeSpace™\type="anyURI" use="required"/>
/restriction>
</s]mpleContent>
</complexType>

8.2.3.6 MeasureType, Uomldentifier

gml:MeasuteType supports recerding an amount encoded as a value of XML Schema double, together
with a uniffs of measure indieated by an attribute uom, short for “units of measure”. The value of the|uom
attribute identifies a reference system for the amount, usually a ratio or interval scale.

gml:MeasuteType iS defined as follows:

<complejxTypetsname="MeasureType">
<simpleCOntent>
<exterdion base="double">
<attribute name="uom" type=rgml:Uomldentifier" use="required"

</extension>
</simpleContent>
</complexType>
EXAMPLE An application schema can contain an element declaration using this type
<element name = “height” type = “gml:MeasureType”/>

Elements corresponding to this might appear in a data instance document as follows:
<height uom=“"m">1.4224</height>

<height uom=“http://www.equestrian.org/units/hands">14</height>
where the value of the uom attribute identifies the unit of measure or a resource that defines the unit of
measure.
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The simple type gml:UomIdentifer defines the syntax and value space of the unit of measure identifier.
This is a union type defined as follows:

<simpleType name="UomIdentifier">
<union memberTypes="gml:UomSymbol gml:UomURI"/>
</simpleType>
The first member of the union type, gml: Uomsymbo1l, is defined as follows:

<simpleType name="UomSymbol">
<restriction base="string">
<pattern value="[": \n\r\t]l+"/>
</restriction>
sTmoteTyre
Thip type specifies a character string of length at least one, and restricted such that it shalDpot contain

any| of the following characters: “” (colon), “ ” (space), (new line), (carriage return), (€ab). This allows

valyes corresponding to familiar abbreviations, such as “kg”, “m/s”, etc.

It i recommended that the symbol be an identifier for a unit of measure as speécified in the “Unified
Code of Units of Measure” (UCUM) (https://unitsofmeasure.org/). This provides a set of symbols and
a grlammar for constructing identifiers for units of measure that are unique, and may be eagily entered
with a keyboard supporting the limited character set known as 7-bit ASCII. ISO 2955 formerly provided
a specification with this scope, but was withdrawn in 2001. UCUM largely follows ISO |2955 with
modglifications to remove ambiguities and other problems.

The second member of the union type, gm1 : uomur1, is defined @syfollows:

simpleType name="UomURI">
<restriction base="anyURI">
<pattern value=" ([a-zA-Z] [a-zA-Z0-9\-\#\.T*: I\N.\./I\./|#).*"/>
</restriction>
/simpleType>

Thi} type specifies a UR], restricted such that itgshall start with one of the following sequendes: “#”, “./”,

“./’} or a string of characters followed by a “:These patterns ensure that the most common URI forms
are|supported, including absolute and relative URIs and URIs that are simple fragment identifiers, but
prohibits certain forms of relative URI thiat could be mistaken for unit of measure symbol).

NOTE Itis possible to re-write such.a relative URI to conform to the restriction (e.g. “./m/s”).

In 4n instance document, on-elements of type gml:MeasureType the mandatory uom attifibute shall
carfy a value corresponding te’either

— |a conventional unit0f‘measure symbol,

— |a link to a definition of a unit of measure that does not have a conventional symbol, of when it is
desired to iridicate a precise or variant definition.

GML components for the latter purpose are defined in 16.2.

8.2]37 ™ 'CoordinatesType

<complexType name="CoordinatesType">

<simpleContent>
<extension base="string">
<attribute name="decimal" type="string" default="."/>
<attribute name="cs" type="string" default=","/>
<attribute name="ts" type="string" default="&#x20;"/>
</extension>
</simpleContent>
</complexType>

This type is deprecated for tuples with ordinate values that are numbers.

gml:CoordinatesType is a text string, intended to be used to record an array of tuples or coordinates.

1) eg “m/s"
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While it is not possible to enforce the internal structure of the string through schema validation, some
optional attributes have been provided in previous versions of GML to support a description of the
internal structure. These attributes are deprecated. The attributes were intended to be used as follows:

fion

List

5 as

Decimal symbol used for a decimal point
(default="." a stop or period)
cs symbol used to separate components within a tuple or coordinate string
(default="," a comma)
ts symbol used to separate tuples or coordinate strings
(default=""a space)
Since it is Hased on the XML Schema string type, gnl:CoordinatesType may be used in the.construc
of tables of{tuples or arrays of tuples, including ones that contain mixed text and numevric-values.
EXAMPLE
<my:tupleList>bettong,357.,2.3 skink,140.,0.75 wombat,770.,17.5%/xy:tuplelList>
8.2.4 Ligts
8.2.4.1 DhooleanlList, doubleList, integerList, NameList, NCNameList, QNamelList,
booleanOrNilReasonList, NameOrNilReasonList, doubleOrNilReasonList, integerOrNilReason]
A set of types for lists of simple values are constructed in agcordance with the following pattern
follows:
<simpleTlype name="booleanList">
<list|itemType="boolean"/>
</simplgType>
<simplelype name="doubleList">
<list|itemType="double"/>
</simplgType>
<simplelype name="integerList">
<list|itemType="integer"/>
</simplgType>
<simpleType name="NameLdisD">
<list|itemType="Namd"/>
</simplgType>
<simpleTlype name=Y"NCNameList">
<list|itemType="NCName"/>
</simplgTypex
<simpleType name="QNameList">
<list LtemPype—toiames
</simpleType>

<simpleType name="booleanOrNilReasonList">

<list

itemType="gml:booleanOrNilReason" />

</simpleType>

<simpleType name="NameOrNilReasonList">

<list

itemType="gml :NameOrNilReason" />

</simpleType>

<simpleType name="doubleOrNilReasonList">

<list

itemType="gml:doubleOrNilReason" />

</simpleType>

<simpleType name="integerOrNilReasonList">

38
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<list itemType="gml:integerOrNilReason"/>

</simpleType>
These types are defined as a list of values of the respective XML Schema built-in simple types, or of
the union types specified in previous subclauses. The ..orNi1ReasonList types support reasons for nil
values interspersed within a list.

NOTE 1

type is to be defined that is a union of such a list and another simple content type.

NOTE 2

case of the XML Schema base type has been preserved in the GML types for clarity.

These types are provided as convenience types. They can be helpful in cases where a simple content

Some of the types start with an upper case letter, some with a lower case letter. The reason is that the

NOTE 3  An element which uses one of these types will contain a whitespace-separated list of.
the [relevant type (see http://www.w3.org/TR/xmlschema-2/#atomic-vs-list for more details’ of 4
strycture).

NOTE4  None of the list types defined here use an XML Schema string as an item. The/season fof
a string can include embedded spaces, linefeeds, etc (http://www.w3.org/TR/xmischema-2/#st

whi
pote
whi
list

inst

8.2

Thd
sch

<

Thd
of t

EXA

members of
he XML list

this is that
ring). Since

fespace acts as the item separator in a list instance, there would be ambiguity*in identifying
ntially contain whitespace. On the other hand, an instance of the XML Schema " Name type may
fespace (http://www.w3.org/TR/2000/WD-xml-2e-20000814#NT-Name); so this can be used
rontext. The corollary of this is that if a term contains whitespace, then”such a term can not oqd
ance.

4.2 CodeListType, CodeOrNilReasonListType

two types gml:CodeListType and gml:CodeOrNilReasdnListType provide for lists of
bma definitions are as follows:

ComplexType name="CodeListType">
<simpleContent>
<extension base="gml:NameList">
<attribute name="codeSpace" type="anyURI"/>
</extension>
</simpleContent>
complexType>

FomplexType name="CodeOrNilReasonListType">
<simpleContent>

<extension base="gml:NameOrNilReasonList">

<attribute name="godeSpace" type="anyURI"/>

</extension>
</simpleContent
complexType>
values in an instance element of gml:codeListType shall all be valid in accordance wit|

ne dictionaryyclassification scheme, or authority identified by the value of its codeSpace
MPLE An application schema can contain an element declaration using this type

elémént name = “species” type = “gml:CodeListType”/>

b items that
not contain
safely in a
cur in a list

ferms. The

h the rules
httribute.

SO

COTTESPONAINE EleMent Mgt appear I aIt (TS talce dOCUTIeIt a5 {0Hows?

<species codeSpace="http://my.big.org/florelegium”>dryandra banksia hardenbergia
lavender</species>

where the listed items are from “http://my.big.org/florelegium” which is a (hypothetical) list of flowers.

An instance element of gml:CodeOrNilReasonListType may also include embedded values from
gml:NilReasonType. Itis intended to be used in situations where a term or classification is expected, but

the

value may be absent for some reason.
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8.2.4.3 MeasureListType, MeasureOrNilReasonListType

The two types gml:MeasureListType and gml:MeasureOrNilReasonListType provide for lists of

quantities. The schema definitions are as follows:

<complexType name="MeasurelListType">

<simpl

<extension base="gml:doubleList">
<attribute name="uom" type="gml:UomIdentifier" use="required"/>

</ex
</simp
</comple

eContent>

tension>
leContent>
xType>

<complej
<simp]
<exf

<

</e
</simy
</complg

EXAMPLE

<elemen
<elemen

so corresppnding elements might appear in an instance document asollows:

<heighft
<weight

In both exa

In the secopd example a value describing the reason for‘@nil value appears where a measure is norm
expected, hut the value may be absent for some reason.

9 GML schema — Features

9.1 General concepts

A GML featjure is a feature encoded-using GML.

EXAMPLE

The featurge schema prowides a framework for the creation of GML features and feature collections.

NOTE The featureyschema document feature.xsd (see Annex C) is identified by the following locat
independenf name<tasing URN syntax):

— urn:og

Type name="MeasureOrNilReasonListType">

eContent>

ension base="gml:doubleOrNilReasonList">
ttribute name="uom" type="gml:UomIdentifier" use="required"/>

tension>
leContent>
xType>

An application schema can contain element declarations using these types

t name = “heights” type =
t name = “weights” type =

s uom="m”>1.76 1.85 1.56 1.98</heights>
s uom="kg”>67.0 73.4 withheld 85.1</weights>

mples all of the values in the list are described using the same scale.

Aroad, ariver, apetson, a vehicle, an administrative area, an event, etc.

:specification:gml:schema-xsd:feature:3.2.1

“gml:MeasureListType” />
“gml:MeasureOrNilReasonListType” />

ally

ion-

9.2 Relationship with ISO 19109

The GML feature model follows the principles specified in ISO 19109:2005, Clause 7. It provides a
conformant, partial implementation of the ISO 19109 General Feature Model. The relationship is

discussed in detail in D.2.6.

NOTE The GML feature model also draws the feature collection concept from OGC Abstract Specification
Topics 5 and 10.

40
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Features

1 AbstractFeatureType

The basic feature model is given by the gm1:abstractFeatureType, defined in the schema as follows:

<complexType name="AbstractFeatureType" abstract="true">

<complexContent>
<extension base="gml:AbstractGMLType">
<sequence>
<element ref="gml:boundedBy" minOccurs="0"/>

cleoment rof=—"oml :location”" minQccurs="0"

Thd
feat

Thd
and

The
gml

9.3
Thd

Thi
wh
con

gml
var

a Gl
Ofg

9.4

9.4

EnvelopeWithTimePeriodType

Thi

</sequence>
</extension>
</complexContent>
complexType>

content model for gml:aAbstractFeatureType adds two specific properties-stritable for
ures to the content model defined in gm1:2bstractGMLType.

value of the gm1 : boundedBy property describes an envelope that enclgses the entire featuj
is primarily useful for supporting rapid searching for features thatoccur in a particular

value of the gm1:10cation property describes the extent, position or relative location of t
L 1ocation is deprecated as part of the standard content model of gm1 : AbstractFeatureT

2 AbstractFeature

element gml:2bstractFeature is declared as folows:

element name="AbstractFeature" type="gml'AbstractFeatureType" abstract="true

substitutionGroup="gml:AbstractGML" />

5 abstract element serves as the headef a substitution group which may contain an,
se content model is derived from gl :AbstractFeatureType. This may be used as a var
struction of content models.

t AbstractFeature may be thought of as “anything that is a GML feature” and may be usg
ables or templates in whichithe value of a GML property is “any feature”. This occurs in p
VL feature collection (see\9.9) where the feature member properties contain one or mult
1:AbstractFeature respectively.

Standard feature properties

1 boundedBy, BoundingShapeType, EnvelopeWithTimePeriod,

5 property describes the minimum bounding box or rectangle that encloses the entire

beographic
e instance,
location.

he feature.
pe.

y elements
able in the

d to define
hirticular in
iple copies

feature. Its

con

tent model is as follows:

<element name="boundedBy" type="gml:BoundingShapeType" nillable="true"/>

<complexType name="BoundingShapeType">

<sequence>
<choice>
<element ref="gml:Envelope"/>
<element ref="gml:Null"/>
</choice>
</sequence>
<attribute name="nilReason" type

gml:NilReasonType"/>

</complexType>
The gml:Envelope element is defined in 10.1.4.6.

©IS
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A nil value shall be encoded as described in 8.2.3.2. The attribute nilReason may be used in such cases
to specify the reason for the nil value.

The value of gm1:Nul1, used in previous versions of GML to encode that an extent is not applicable or not
available for some reason, has been deprecated.

NOTE1 Since an envelope is defined simply by the positions of two diagonally opposing corners, the exact
footprint of an envelope depends on the coordinate reference system used. If the feature being described has
zero extent, then the two corners will coincide and the envelope has zero size. The gml:boundedBy property
is provided by a data supplier for convenience. The value of the envelope is usually computable by the data
consumer from the spatio-temporal properties of a feature. As for all properties, it is the responsibility of the

; L il s sl 1 L
data pI'OVld Pr-toensuretirat tne-varte s correct:

For envelopes that include a temporal extent, gml:EnvelopeWithTimePeriod is provided, defined as
follows:

<elemenpt name="EnvelopeWithTimePeriod" type="gml:EnvelopeWithTimePeriodTypeY
substitutjonGroup="gml:Envelope"/>

<compl¢xType name="EnvelopeWithTimePeriodType">
<complexContent>
extension base="gml:EnvelopeType">
<sequence>
<element name="beginPosition" type="gml:TimePositionType"/>
<element name="endPosition" type="gml:TimePositiwonType"/>
</sequence>
<attribute name="frame" type="anyURI" default="#ISO-8601"/>
/extension>
</c¢mplexContent>
</complexType>
This adds fwo time position properties, gml:beginPositisn-and gml:endPosition, which describe[the

extent of aftime-envelope.

Since gml:EnvelopeWithTimePeriod is assigned to-the substitution group headed by gml:Envelopg, it
may be usdd whenever gml :Envelope is valid.

NOTE2 In common with all geometry elements derived from gml:AbstractGeometryType (see 10.1.B.1),
the coordinate reference system used for the-positions defining the gml:Envelope can be indicated ufsing
the optiona] XML attribute srsName. If thé\coordinate reference system being used includes a time axis, then
gml:Envel¢pe can be used directly to describe a spatio-temporal extent.

9.4.2 log¢ationName, locationReference

The gm1:14cationName property element is a convenience property where the text value describes|the
location of|the feature. Jvis‘defined as follows:

<elemefpt name="1ocationName" type="gml:CodeType"/>
If the locatjon names are selected from a controlled list, then the list shall be identified in the codeSpace
attribute.

. 4 1 R H 4+ 1) 4] 4 4
The gml N l CAdLLUOIIRCSLCLCIICE lJl UlJCl L_y CICIIITIIU 105 d LUIIVUILITIIUT l.)l UlJCl L_y VVIITI T LIIT CLCTALU 'V lue

referenced by the xlink:href attribute describes the location of the feature. It is defined as follows:

<element name="locationReference" type="gml:ReferenceType"/>
EXAMPLE The following instances illustrate the different ways that a gml:locationName or
gml:locationReference may appear in a data instance.

Location given using a name from a controlled source:

<Feature>

<gml:locationName codeSpace="http://www.icsm.gov.au/icsm/cgna/index.html">Leederville</
gml:locationName>
</Feature>

Location given using a text string:

42 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

<Feature>
<gml:locationName>Nigel Foster’s town of residence</gml:locationName>
</Feature>

Location given by another service:

<Feature>
<gml:locationReference
xlink:href="http://www.ga.gov.au/bin/gazm0l?placename=leederville&placetype=R&state
=WA+"/>
</Feature>

9.4.3 FeaturePropertyType, FeatureArrayPropertyType

A articular class of properties defines associations between features. These| use the
gmlkAssociationRoleType pattern as follows:

complexType name="FeaturePropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractFeature"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>

At tlimes it is useful to define a property containing an array of other features. This is dgne using a
feafure array property type as defined by the following content medel:

A

fomplexType name="FeatureArrayPropertyType">

<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractFeature" />

</sequence>

<fcomplexType>

9.5 Geometry properties

Application-specific names shall be chosen for geometry properties in GML application scliemas. The
names of the properties should be choser to express the semantics of the value. Using ppplication
sperific names is the preferred method for names of properties including geometry properties.

There are no inherent restrictions in the type of geometry property a feature type may hav¢ as long as
the property value is a geometry.object substitutable for gm1 :AbstractGeometry.

EXAMPLE1 A RadioTower feature type could have a location that returns a point geometry to| identify its
locdtion through a representative point, and have another geometry property called floorSpace thiat returns a
surflace geometry describing its physical structure, and have yet a third geometry property called|serviceArea
thatireturns a surface gedmetry describing the area in which its transmissions can be received reliably.

<pomplexType ame="RadioTowerType">
<complexContéent>
<extemsion base="gml:AbstractFeatureType">
<segdence>
<glement name="location" type="gml:PointPropertyType"/>
%element name="floorSpace" type="gml:SurfacePropertyType"/>

¥element name="serviceArea" type="gml:SurfacePropertyType"/>

</séquence>
</extension>
</complexContent>
</complexType>
The GML schema includes predefined property types that may be used as types of geometry property
element.
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Table 4 — Predefined geometry property types

Associated geometry object

XML Schema property type types (element names)

PointPropertyType

Point

AbstractCurve

LineString

CurvePropertytype

curve
OrientableCurve

CompositeCurve

SurfacePropertyType

AbstractSurface
Polygon

Surface
OrientableSurface

CompositeSurface

SolidPropertyType

AbstractSolid
Solid
CompositeSolid

MultiPointPropertyType

MultiPoint

MultiCurvePropertyType

MultiCurve

MultiSurfacePropertyType

MultiSurface

MultiSolidPropertyType

MultiSolid

MultiGeometryPropertyType

MultiGeometry

PointArrayPropertyType

Point(s)

CurveArrayPropertyType

AbstractCurve(s)
LineString(s)
Curve(s)
OrientableCurve(s)

CompositeCurve(s)

SurfaceArrayPropertyType

AbstractSurface(s)
Polygon(s)
Surface(s)

OrientableSurface(s)

CompositeSurface(s)

SolidArrayPropertyType

AbstractSolid(s)
Solid(s)
CompositeSolid(s)

9.6 Topology properties

Like with geometry properties, application-specific names shall be chosen for topology properties in GML
application schemas. The names of the properties should be chosen to express the semantics of the value.

EXAMPLE A statisticalArea feature type could have one or more boundary properties that return a

TopoCurve to represent the boundary of the Statistical Area, and one or more surface properties that return a
TopoSurface to represent the Statistical Area itself.
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<complexType name="StatisticalAreaType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<element name="boundary" type="gml:TopoCurvePropertyType" maxOccurs="unbounded" />
<element name="surface" type="gml:TopoSurfacePropertyType" maxOccurs="unbounded"/>
<l—= . ==>
</sequence>
</extension>
</complexContent>
</complexType>
The GML schema includes predefined property types that may be used as types of topology property

clepentthe Hrst lour ol these pronerties evproco divecton whereas the olthers do not

Table 5 — Predefined formal topology property types

Associated topology object types

XML Schema property type (element names)

DirectedNodePropertyType Node
DirectedEdgePropertyType Edge
DirectedFacePropertyType Face
DirectedTopoSolidPropertyType TopoSolid
TopoPointPropertyType TopoPoint
TopoCurvePropertyType TopoCurye
TopoSurfacePropertyType TopoSurface
TopoVolumePropertyType TopoVolume
TopoComplexPropertyType TopoComplex

9.7| Temporal properties

Like¢ for geometry and topology propetties, the definition of temporal property elements is in the
responsibility of the application schema-designer.

EXAMPLE A feature type Building can have a constructionTime property whose XML type is “gml:
TimePeriodPropertyType”, a completionTime property whose XML type is “gml:TimelnstantProper{yType”, and
an dge whose XML type is “duration” or “gml:TimelntervalLengthType”.

<pomplexType name="BuildingType">
<complexContent>
<extension bease="gml:AbstractFeatureType">
<sequende>
<elementhdrame="constructionTime" type="gml:TimePeriodPropertyType"/>
<element name="completionTime" type="gml:TimeInstantPropertyType"/>
<elewent name="age" type="gml:TimeIntervallengthType"/>
<IN . >
</sequence>
</extension>

L,UALLLJ]_C Cuutcut
</complexType>
The types shown in Table 6 are provided for direct use in declaring property elements.
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Table 6 — Predefined formal temporal property types

XML Schema property type

Associated temporal object types
(element names)

TimePrimitivePropertyType

AbstractTimePrimitive
AbstractTimeGeometricPrimitive
Timelnstant

TimePeriod

AbstractTimeTopologyPrimitive

TimeEdge

TimeNode

AbstractTimeGeometricPrimitive

TimeGeometricPrimitivePropertyType Timelnstant
TimePeriod

TimelnstantPropertyType Timelnstant

TimePeriodPropertyType TimePeriod

TimeTopologyPrimitivePropertyType

AbstractTimeTopologyPrimitive

TimeEdge

TimeNode
TimeEdgePropertyType TimeEdge
TimeNodePropertyType TimeNode
TimeTopologyComplexPropertyType TimeTopologyComplex
TimeOrdinalEraPropertyType TimeOrdinalEra
TimeCalendarPropertyType TimeCalendar
TimeCalendarEraPropertyType TimeCalendarEra
TimeClockPropertyType TimeClock
TimePositionType - (simple type)
xsd:duration - (simple type)
TimelntervalLengthType - (simple type)

The tempdral property types4isted above provide a relatively comprehensive set of componentq for
associating temporal information with features and other objects.

9.8 Defining application-specific feature types

All specific feature types defined in application schemas shall be implemented as global XML
elements ywhose' content model (XML Schema types) are derived from gml:AbstractFeatureTpe,
and thus all-GML features inherit the optional gml:boundedBy property, as well as the standard
gml:identifier, gml:description, gml:descriptionReference and gml:name properties inherited
in turn from gml:AbstractGMLType, unless any property is suppressed in a derivation by restriction.
gml:AbstractFeatureType also inherits gml:id from gml:AbstractGMLType and this is the preferred
means of supporting database identifiers in GML. Features should carry a gm1:id attribute.

NOTE1 The deprecated properties have been omitted in this list of inherited properties.
NOTE 2  Every feature accessible via an OGC Web Feature Service will always carry a persistent gml:id
attribute.

This type derivation requirement means that general purpose software designed to process arbitrary
GML data shall be able to traverse the XML Schema derivation tree in order to determine whether or
not a given element in the data stream is a GML feature.

46 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

A GML feature has a set of properties, where the specific set of properties defines the feature type.
Properties have simple values, using XML Schema simple content types, or properties may have complex
values, in which case they should be declared using the patterns described in 7.2.3.

In the application schema defining a feature there shall be a global element declared whose name is the
semantic type of the feature in the domain of discourse. The global element shall be made a member of

the

gml:AbstractFeature substitution group (directly or indirectly).

<element name="<<featureName>>"

ractFeature” />
The content model of the feature may be a named or anonymous complex type.

9.9

9.9
AG
AG

type = “<<contentModel >>” substitutionGroup="gml:Abst

Feature collections

1 GML feature collections
ML feature collection is a collection of GML feature instances.

ML feature collection is any GML feature with a property element in its,content model wh

modlel is derived by extension from gm1:AbstractFeatureMemberType (5€€°9.9.2).

In gddition, the complex type describing the content model of the*GML feature collectio
include a reference to the attribute group gml:aggregationaftributeGroup to provide
infgrmation about the semantics of the object collection as specified in 7.2.5.1.

EXAMPLE The following schema components model a simple collection of arbitrary features; th
is cdlled MyFeatures:

<el
ure
<co

<se
min
</s
<at

</

Q

<co

bment name=“MyFeatures” type=“ex:MyFeaturesType” substitutionGroup="gml:Abstrg

l/>

plexType name="MyFeaturesType">

complexContent>
<extension base="gml:AbstractFeaftureType">

huence>

element name="myMember" type=l'ex:MyFeaturesMemberType"

Dccurs="0" maxOccurs="unbounged" />

Equence>

FributeGroup ref="gml:AgguegationAttributeGroup"/>
</extension>

/complexContent>

bmplexType>

plexType names*MyFeaturesMemberType'">
complexContent>
<extensgben base="gml:AbstractFeatureMemberType">
<dequence minOccurs="0">
<element ref="gml:AbstractFeature"/>
%/sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

hse content

I may also
additional

e collection

ctFeat

L/extension>

</complexContent>

</complexType>
An instance example encoding a collection with set semantics where the bounding envelope is
provided, too:

<MyFeatures aggregationType="set”>
<gml :boundedBy>

<

<gml:Envelope srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:lowerCorner>50.23 9.23</gml:lowerCorner>
<gml:upperCorner>50.31 9.27</gml:upperCorner>

</gml:Envelope>

/gml :boundedBy>

<myMember>

<

©IS

<MyFeature gml:id="£f1"/>
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<myMember>
<MyFeature gml:id="£2"/>
</myMember>
<myMember xlink:href="#£3"/>
</MyFeatures>

EXAMPLE 2

Often, the feature collection will contain instances of a specific type. In the example below,

feature collection is a road that consists of road segments.

<element name=“Road” type=“ex:RoadType” substitutionGroup="gml:AbstractFeature"/>
<complexType name="RoadType">
<complexContent>
<extension base="gml:AbstractFeatureType">

<sequence>

the

<eleme]
</sequency
<attributyd
</ej3
</comp]
</complex]

<complexTy
<compld
<exf

</ej
</comp]
</complex]
An exampl

<Road gml
<segmenft
<Road
</segme
<segmenf
<segmenft
<Road
</segme
</Road>

9.9.2 Ab

To create
gml:Abstrd

<compld
<se

<atf
</comp]
The derive

of the obje

Lt name="segment" type="ex:RoadMemberType" minOccurs="0" maxOccurs="unbounded"
>

Group ref="gml:AggregationAttributeGroup"/>

ktension>

exContent>

ype>

'oe name="RoadMemberType">
xContent>
ension base="gml:AbstractFeatureMemberType">
sequence minOccurs="0">
<element ref="ex:RoadSegments"/>
/sequence>
attributeGroup ref="gml:AssociationAttributeGroup" />
ktension>
exContent>
ype>
b instance fragment encoding a ordered collection of road segments is shown below:

id="rl" aggregationType="sequence”>
>

egment gml:id="sl”/>

t>

xlink:href="#s8"/>

>

egment gml:id="s4”/>

t>

stractFeatureMemberType and derived property types

a collection of GMHL, features, a property type shall be derived by extension fi
ctFeatureMemberIype.

xType name="AbstractFeatureMemberType" abstract="true">
juence/>

ributeGroygp"' ref="gml :OwnershipAttributeGroup" />

exType

H property type shall follow one of the patterns specified in 7.2.3 and may set the multipli

‘ts4n the collection as required for its intended use.

fom

Ccity

By default,

Thisabstract property type does not Impty any ownersiip of the features i the coltec

ion.

The owns attribute of gml:ownershipAttributeGroup may be used on a property element instance to
assert ownership of a feature in the collection. A collection shall not own a feature already owned by
another object.

9.10 Spatial reference system used in a feature or feature collection

The value of the gm1:boundedry property for a feature or feature collection is usually a gm1:Envelope.
In common with all geometry elements derived from gml:abstractGeometryType (see 10.1.3.1), the
coordinate reference system used for the positions defining the gml:Envelope may be indicated using
the optional XML attribute srsName.
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For convenience in constructing feature and feature collection instances, the value of the srsName
attribute on the gm1:Envelope which is the value of the gml:boundedry property of the feature shall
be inherited by all directly expressed geometries in all properties of the feature or members of the
collection, unless overruled by the presence of alocal srsName. Thus it is not necessary for a geometry to
carry a srsName attribute, if it uses the same coordinate reference system as given on the gm1 :boundedBy
property of its parent feature. Inheritance of the coordinate reference system continues to any depth
of nesting, but if overruled by a local srsName declaration, then the new coordinate reference system is
inherited by all its children in turn.

Notwithstanding this rule, all the geometries used in a feature or feature collection may carry srsName
attributes, in order to indicate the reference system used locally, even if they are the same as the parent.

10|GML schema — Geometric primitives
10.1 General concepts

10.1.1 Overview

NOTE1 The geometry model of GML complies with ISO 19107. The uhderlying concepts of the¢ types and
elements of the GML geometry model are discussed in this document in more detail.

Thip clause describes the schema components for geometric ptimtitives as specified by GML.

NOTE 2  The corresponding geometry schema documents, géometryBasic0d1d.xsd, geometryBasic2d.xsd and
geometryPrimitives.xsd (see Annex C), are identified by the*following location-independent names|(using URN
synfax):

— |urn:ogc:specification:gml:schema-xsd:geometryBasic0d1d:3.2.1
— |urn:ogc:specification:gml:schema-xsd:geometryBasic2d:3.2.1
— |urn:ogc:specification:gml:schema-xsd:géometryPrimitives:3.2.1

Any geometry element that inherits(the semantics of gm1 : AbstractGeometryType may be viewed as a set
of diirect positions.

All |of the classes derived-'from gml:abstractGeometryType inherit an optional associption to a
coofrdinate reference system. All direct positions shall directly or indirectly be associafed with a
coofdinate reference system. When geometry elements are aggregated in another geometfry element
(su¢h as a gml:MulgiBéometry OF gml:GeometricComplex), which already has a coordinat¢ reference
system specified,(then these elements are assumed to be in that same coordinate referefice system
unless otherwjse specified.

The geometry’model distinguishes geometric primitives, aggregates and complexes.

Ge metrlc prlmltlves i.e. 1nstances ofa subtype of gml AbstractGeometricPrimitiveType, W wiill be open,
s, surfaces

will not contain their boundary curves, and solids will not contain their bounding surfaces.

10.1.2 Relationship with ISO 19107

The spatial geometry components of the GML schema specified in Clauses 10 and 11 provide a
conformant, partial implementation of the ISO 19107 spatial schema (geometry). The relationship is
discussed in detail in D.2.3.

The ISO 19107 geometry types implemented in GML are specified in ISO 19107; some additional
constraints are specified in ISO 19107 for these types, which are also constraints on the spatial
geometry components of the GML schema.
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In addition, GML specifies complementary spatial geometry schema components as described in D.3.5

to D.3.8.

10.1.3 Abstract geometry

10.1.3.1 AbstractGeometryType

<complexType name="AbstractGeometryType"

abstract="true">

<complexContent>
<extension base="gml:AbstractGMLType">

<attributeGroup ref="gml:SRSReferenceGroup"/>

</c
</comp]

Allgeomet
may have

and.gml:na
be associat

The follow

/extension>
mplexContent>
exType>

'y elementsarederived directly orindirectly from thisabstractsupertype. A geometry element

hn identifying attribute (gm1:id), may have one or more names (elements gm¥:identif

ier

me) and a description (elements gml:description and gml:descriptionRefanance)?). It may

ed with a spatial reference system (attribute group gml:srRSReferenceGroup).

ng rules shall be adhered to:

— Every geometry type shall derive from this abstract type.
— Every peometry element (i.e. an element of a geometry type) shall‘be directly or indirectly in[the
substifution group of AbstractGeometry.
10.1.3.2 SRSReferenceGroup
<attriBPputeGroup name="SRSReferenceGroup">
<atfribute name="srsName" type="anyURI" />
<atfribute name="srsDimension" type="positiveInteger" />
<atfributeGroup ref="gml:SRSInformationGroup"/>
</attrjbuteGroup>
The attribyite group gml:srRsrReferenceGroup is-an optional reference to the CRS used by this geomdtry,
with optiﬂlnal additional information to simplify the processing of the coordinates when a nmore
complete definition of the CRS is not needed:
In general the attribute srsName poinits to a CRS instance of gm1:aAbstractCoordinateReferenceSydtem
(see 12.2.3|). For well-known referénces it is not required that the CRS description exists at the locafion
the URI pojnts to.
If no srsngme attribute is given, the CRS shall be specified as part of the larger context this geomgtry
element is part of.
EXAMPLE A geometric aggregate or a feature collection are typical “larger contexts”.
NOTE The name “srsName” has been chosen deliberately. In the current version of GML “crsName” would be
more appropriate, however, in future versions other types of spatial reference system, i.e. those using geograrhic
identifiers, ¢ould be supported by GML, too.

The optional attribute srspimension is the number of coordinate values in a position. This dimension
is derived from the coordinate reference system. When the srsname attribute is omitted, this attribute
shall be omitted.

10.1.3.3 SRSInformationGroup

<attributeGroup name="SRSInformationGroup">
<attribute name="axisLabels" type="gml:NCNameList" />
<attribute name="uomLabels" type="gml:NCNameList" />
</attributeGroup>

2) Deprecated properties have been omitted from this list. Nevertheless, they are still valid content.
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The attributes uomLabels and axisLabels, defined in the gml:SrRSInformationGroup attribute group, are
optional additional and redundant information for a CRS to simplify the processing of the coordinate
values when a more complete definition of the CRS is not needed. This information shall be the same as
included in the complete definition of the CRS, referenced by the srsName attribute. When the srsName
attribute is included, either both or neither of the axisLabels and uomlLabels attributes shall be
included. When the srsname attribute is omitted, both of these attributes shall be omitted.

The attribute axisLabels is an ordered list of labels for all the axes of this CRS. The gml:axisabbrev
value should be used for these axis labels, after spaces and forbidden characters are removed. When
the srsName attribute is included, this attribute is optional. When the srsName attribute is omitted, this
attribute shall also be omitted

The attribute uomLabels is an ordered list of unit of measure (uom) labels for all the a%es ¢f this CRS.
The value of the string in the gm1:catalogsymbol should be used for this uom labels;)after gpaces and
forhidden characters are removed. When the axisLabels attribute is included, thisvattributg shall also
be included. When the axisLabels attribute is omitted, this attribute shall also be-omitted.

10.1.3.4 AbstractGeometry

element name="AbstractGeometry" type="gml:AbstractGeometr{Fype" abstract="trye"
EubstitutionGroup="gml:AbstractGML" />

The gm1:abstractGeometry element is the abstract head of the substitution group for al] geometry
eletnents of GML. This includes predefined and user-defined geerietry elements. Any geome{ry element
shall be a direct or indirect extension/restriction of gm1 : AbsfractGeometryType and shall be|directly or
indfrectly in the substitution group of gm1 : AbstractGeometxy:

D.2[3.2 specifies the implementation of ISO 19107 GM @bject by this GML object.

10.1.3.5 GeometryPropertyType

complexType name="GeometryPropertytype">
<sequence minOccurs="0">
<element ref="gml:AbstractGeometry"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
/complexType>

A geéometric property may either be any geometry element encapsulated in an element of this type or
an XLink reference to a remote geometry element (where remote includes geometry elemehts located
elsgwhere in the same-or-another document). Note that either the reference or the containgd element
shall be given, but netboth or none, see 7.2.3.

If a feature has aproperty that takes a geometry element as its value, this is called a geometrfy property.
A generic typedfor such a geometry property is gml:GeometryPropertyType Which follows the general
rulgs described in 7.2.3.

10.13:6° GeometryArrayPropertyType

<complexType name="GeometryArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractGeometry" />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>
Ifafeature has aproperty which takes an array of geometry elements asits value, thisis called a geometry
array property. A generic type for such a geometry property is gml : GeometryArrayPropertyType Which
follows the general rules described in 7.2.3.
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The elements are always contained inline in the array property. Referencing geometry elements or
arrays of geometry elements via XLinks is not supported.

EXAMPLE Allelementsinagml:GeometryArrayPropertyType areofthetype gml :AbstractGeometryType
(including types derived from this abstract base type) as long as the element is directly or indirectly substitutable
for gml:AbstractGeometry.

10.1.4 Coordinate geometry, vectors and envelopes

10.1.4.1 DirectPositionType, pos

<complé¢xType name="DirectPositionType">
<sifpleContent>

extension base="gml:doubleList">
<attributeGroup ref="gml:SRSReferenceGroup"/>

/extension>
</s]mpleContent>

</complexType>

<elemeft name="pos" type="gml:DirectPositionType"/>

<sch:pgttern>

<sch:rule context="gml:pos">
sch:assert test="not (@srsDimension) or @srsName">Thespresence of a dimension
attribute|implies the presence of the srsName attribute.</schadssert>
sch:assert test="not (GaxisLabels) or @srsName">Th€) presence of an axisLabels
attribute|implies the presence of the srsName attribute.<Asch:assert>
sch:assert test="not (GuomLabels) or @srsName"a>Ihe presence of an uomLabels
attribute|implies the presence of the srsName attribute.</sch:assert>
sch:assert test=" (not (QuomLabels) and not{(@axisLabels)) or (QuomLabels and @
axisLabel$) ">The presence of an uomlLabels attribute Mmplies the presence of the axisLabels
attribute|and vice versa.</sch:assert>

</s¢h:rule>

</sch:pattern>
Direct position instances hold the coordinates for\a’position within some coordinate reference system
(CRS). Sinde direct positions, as data types, willoften be included in larger objects (such as geomégtry
elements) that have references to CRS, the g7stame attribute will in general be missing, if this particplar
direct position is included in a larger elemént with such a reference to a CRS. In this case, the CRS is

implicitly §ssumed to take on the value.of the containing object's CRS.

The attribfite group gml:srSRefetedceGroup is described in 10.1.3.2. If no srsName attribute is giyen,
the CRS sHall be specified as_pant of the larger context this geometry element is part of, typically a
geometric pbject like a point;curve, etc.

NOTE It is expected thatthe attribute will be specified at the direct position level only in rare cases.

D.2.3.4 specifies the'implementation of ISO 19107 DirectPosition by these schema components.

10.1.4.2 DirectPositionListType, posList

<complexXType name="DirectbPositionListlyper
<simpleContent>
<extension base="gml:doubleList">
<attributeGroup ref="gml:SRSReferenceGroup"/>
<attribute name="count" type="positivelnteger" />
</extension>
</simpleContent>
</complexType>

<element name="posList" type="gml:DirectPositionListType" />
gml:posList instances (and other instances with the content model specified by DirectPositionListType)
hold the coordinates for a sequence of direct positions within the same coordinate reference system (CRS).
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The attribute group “SRSReferenceGroup” is described in 10.1.3.2. If no srsName attribute is given,
the CRS shall be specified as part of the larger context this geometry element is part of, typically a
geometric object like a point, curve, etc.

NOTE Itis expected that the attribute srsName will be specified at the direct position level only in rare cases.

The optional attribute count specifies the number of direct positions in the list. If the attribute count is
present then the attribute srspimension shall be present, too.

The number of entries in the list is equal to the product of the dimensionality of the coordinate reference
system (i.e. it is a derived value of the coordinate reference system definition) and the number of direct
posftions.

D.2)3.4 specifies the implementation of ISO 19107 GM_PointArray using direct positionis‘onlly by these
schg¢ma components.

10.1.4.3 geometricPositionGroup

group name="geometricPositionGroup">
<choice>
<element ref="gml:pos"/>
<element ref="gml:pointProperty"/>
</choice>
/group>
GML supports two different ways to specify a geometric pesition: either by a direct positjon (a data
typg) or a point (a geometric object).

gmlfpos elements are positions that are “owned” by“the geometric primitive encapsuflating this
geometric position.

gnlkpointProperty elements contain a point that may be referenced from other geometry dlements or
refgrence another point defined elsewhere (reuse of existing points).

D.2)3.4 specifies the implementation of SO 19107 GM_Position by this choice group.

10.1.4.4 geometricPositionListGroup

group name="geometricPOguitionListGroup">
<choice>
<element refz=Ygml:posList"/>
<group refs'gml:geometricPositionGroup" maxOccurs="unbounded"/>
</choice>
/group>
GML supports two/different ways to specify a list of geometric positions: either by a spquence of
geometric positions (by reusing the group definition) or a sequence of direct positions (element

gml:posList)

The gl :postist element allows for a compact way to specify the coordinates of the positions, if all
posjtions are represented in the same coordinate reference system.

D.2.3.4 specifies the implementation of ISO 19107 GM_PointArray by this choice group.

NOTE The definition of this group can be used as a pattern in the definition of geometric primitives instead
of using this group definition directly. The main change will typically be a change in the multiplicity of the
referenced group. A LineString, for example, requires at least two positions.

Also, to support deprecated elements, i.e. gml:coordinates (superceded by gml:posrist) and
gml:pointRep (superseded by gml:pointProperty), the current encodings of point arrays in GML, e.g. in
curve segments, uses this group as a pattern and adds the deprecated elements.
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10.1.4.5 VectorType, Vector

<complexType name="VectorType">
<simpleContent>
<restriction base="gml:DirectPositionType"/>
</simpleContent>
</complexType>

<element name="vector" type="gml:VectorType" />

gml:vector implements ISO/TS 19103 Vector (see D.2.3.2 and ISO/TS 19103:2005, 6.5.2.6).

For some applications the components of the position may be adjusted to yield a unit vector.

NOTE 1]
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10.2 Abstract geometric primitives

10.2.1 AbstractGeometricPrimitiveType, AbstractGeometricPrimitive

<complexType name="AbstractGeometricPrimitiveType" abstract="true">
<complexContent>

<extension base="gml:AbstractGeometryType"

/>

</complexContent>
</complexType>

<element name="AbstractGeometricPrimitive" type="gml:AbstractGeometricPrimitiveType"
abstract="true"
substitutionGroup="gml:AbstractGeometry" />
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gml:AbstractGeometricPrimitiveType iSthe abstractroottype of the geometric primitives. A geometric
primitive is a geometric object that is not decomposed further into other primitives in the system. All
primitives are oriented in the direction implied by the sequence of their coordinate tuples.

The gml:2AbstractGeometricPrimitive element is the abstract head of the substitution group for all

(pr

e- and user-defined) geometric primitives.

gml:AbstractGeometricPrimitive implementsISO 19107 GM_Primitive (see D.2.3.3 and ISO 19107:2003,

6.3

10.

Ap

elethent encapsulated in an element of this type or an XLink referenee to a remote geomet
(where remote includes geometry elements located elsewhere in the same document).
refdrence or the contained element shall be given, but neither both(or none.

10.3 Geometric primitives (0-dimensional)

10.

iti
Ag
gml

gml

Theluse of the element “coordinates” is deprecated. Use “pos” instead.

10).

2.2 GeometricPrimitivePropertyType

complexType name="GeometricPrimitivePropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractGeometricPrimitive" />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup" />
/complexType>

foperty that has a geometric primitive as its value domain may either be an appropriat

8.1 PointType, Point

complexType name="PointType">
<complexContent>
<extension base="gml:AbstractGedmetricPrimitiveType">
<sequence>
<choice>
<element ref="gm&:ipos" />
<element ref=)gmi:coordinates" />
</choice>
</sequence>
</extension>
</complexContent>
/complexType>

element name="Rofnt" type="gml:PointType" substitutionGroup="gml:AbstractGeor
re" />

L pos elementWhich is of type gml:DirectPositionType.

L Pointsimplements ISO 19107 GM_Point (see D.2.3.3 and IS0 19107:2003, 6.3.11).

e geometry
ry element
Either the

etricPrim

hl:point is défined by a single coordinate tuple. The direct position of a point is specified by the

10.3.2 PointPropertyType, pointProperty

<complexType name="PointPropertyType">
<sequence minOccurs="0">
<element ref="gml:Point"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="pointProperty" type="gml:PointPropertyType" />

A property that has a point as its value domain may either be an appropriate geometry element
encapsulated in an element of this type or an XLink reference to a remote geometry element (where

©IS
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remote includes geometry elements located elsewhere in the same document). Either the reference or
the contained element shall be given, but neither both nor none.

This property element either references a point via the XLink-attributes or contains the point element.
pointProperty is the predefined property which may be used by GML application schemas whenever a
GML feature has a property with a value that is substitutable for gm1:Point.

10.3.3 PointArrayPropertyType, pointArrayProperty

<complexType name="PointArrayPropertyType">

<sequence minOccurs="0" maxOccurs="unbounded">
element ref="gml:Point" />

</sg¢quence>

<atftributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<elemeft name="pointArrayProperty" type="gml:PointArrayPropertyType" />
gml:PointArrayPropertyType is a container for an array of points. The elements arejalways contained
inline in thle array property. Referencing geometry elements or arrays of geometry elements via XLinks
is not suppprted.

This propefrty element contains a list of point elements. pointArrayPropertyis-the predefined prop¢rty
which may| be used by GML application schemas whenever a GML feature has a property with a value
that is subgtitutable for a list of points.

10.4 Geometric primitives (1-dimensional)

10.4.1 AbstractCurveType, AbstractCurve

<compl¢xType name="AbstractCurveType" abstract="true">
<corpplexContent>

extension base="gml:AbstractGeometricPrimitiveType"/>
</c¢mplexContent>

</complexType>

<element name="AbstractCurve" type=tdml:AbstractCurveType" abstract="true"

substifutionGroup="gml:AbstractGeometricPrimitive" />
gml:AbstrdctCurveType iS an abstraction of a curve to support the different levels of complexity. [The
curve may |always be viewed as a gegmetric primitive, i.e. is continuous.

The gml:afstractcurve elementis the abstract head of the substitution group for all (continuous) cyrve
elements.

10.4.2 CupvePropertyType, curveProperty

<compl¢xTypesnahe="CurvePropertyType">
<sequencemminOccurs="0">
edement ref="gml:AbstractCurve"/>
</sg¢quence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="curveProperty" type="gml:CurvePropertyType" />
A property that has a curve as its value domain may either be an appropriate geometry element
encapsulated in an element of this type or an XLink reference to a remote geometry element (where
remote includes geometry elements located elsewhere in the same document). Either the reference or
the contained element shall be given, but neither both nor none.

This property element either references a curve via the XLink-attributes or contains the curve element.
curveProperty is the predefined property which may be used by GML application schemas whenever a
GML feature has a property with a value that is substitutable for gm1:abstractcurve.
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10.4.3 CurveArrayPropertyType, curveArrayProperty

<complexType name="CurveArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractCurve" />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="curveArrayProperty" type="gml:CurveArrayPropertyType" />
A container for an array of curves. The elements are always contained inline in the array property.
Referencing geometry elements or arrays of geometry elements via XLinks is not supported.

Thip property element contains a list of curve elements. curveArrayProperty is the predefingd property
which may be used by GML application schemas whenever a GML feature has a propérty with a value
that is substitutable for a list of curves.

10.4.4 LineStringType, LineString

complexType name="LineStringType">
<complexContent>
<extension base="gml:AbstractCurveType">
<sequence>
<choice>
<choice minOccurs="2" maxOccurs="unbowhded">
<element ref="gml:pos"/>
<element ref="gml:pointProperty"/>
<element ref="gml:pointRep"/>
</choice>
<element ref="gml:posList"/>
<element ref="gml:coordinates"/>
</choice>
</sequence>
</extension>
</complexContent>
/complexType>

element name="LineString" type="gml:LineStringType" substitutionGroup="gml:AbstractC
urvg" />

A gphl:Linestring is a specialccurve that consists of a single segment with linear interpdlation (see
D.3)5). Itis defined by two or{more coordinate tuples, with linear interpolation between themn.

The encoding of the cofitrol points follows the pattern described in 10.1.4.4. The numbdr of direct
posjtions in the list shalDbe at least two.

NOTE ISO 19107 GM_LineString is implemented by gm1 : LineStringSegment.

10.4.5 CurveType, Curve

cofiplexType name="CurveType">
<complexContent>

i : 1 1 1 o ) fal 1
eSO 5T™ g oS traoccoar TY

<sequence>
<element ref="gml:segments" />
</sequence>
</extension>
</complexContent>
</complexType>

<element name="Curve" type="gml:CurveType" substitutionGroup="gml:AbstractCurve" />

gml:Curve implements ISO 19107 GM_Curve (see D.2.3.3 and ISO 19107:2003, 6.3.16).

A curve is a 1-dimensional primitive. Curves are continuous, connected, and have a measurable length
in terms of the coordinate system.

© IS0 2020 - All rights reserved 57


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

A curve is composed of one or more curve segments. Each curve segment within a curve may be defined
using a different interpolation method. The curve segments are connected to one another, with the end

point of each segment except the last being the start point of the next segment in the segment list.

The orientation of the curve is positive.

The element gn1: segments encapsulates the segments of the curve.

10.4.6 OrientableCurveType, OrientableCurve, baseCurve

<complexType name="OrientableCurveType">

<co

plexContent
extension base="gml:AbstractCurveType">
<sequence>
<element ref="gml:baseCurve"
</sequence>
<attribute name="orientation" type="gml:SignType" default="+"
/extension>

/>
/>

</cemplexContent>
</complexType>
<elemefpt name="baseCurve" type="gml:CurvePropertyType" />
<elemenpt name="OrientableCurve" type="gml:OrientableCurveType{\SubstitutionGroup="gml:A
bstractCugve" />
gml:Orientablecurve implements ISO 19107 GM_OrientableCurve-{s¢e D.2.3.3 and ISO 19107:2(003,
6.3.14).

gml:Orient

n,on

ableCurve consists of a curve and an orientation. If the orientation is "+", t

)

hen

the gml:ofientablecurve is identical to the gml:baseGu@ve. If the orientation is "-", then [the
gml:OrientableCurve is related to another gml:AbstractCurve with a parameterization that revefses
the sense df the curve traversal.
The propefty gml:basecurve references or contains the base curve, i.e. it either references the hase
curve via the XLink-attributes or contains the curve element. A curve element is any element whidh is
substitutable for gml :Abstractcurve. The basecurve has positive orientation.
NOTE This definition allows for a nested structure, i.e. an gml:OrientableCurve can use anofher
gml:OrientableCurve as its base curves
10.4.7 Cufrve segments
10.4.7.1 AbstractCurveSegmentType, AbstractCurveSegment
<complé¢xType namg="AbstractCurveSegmentType" abstract="true">
<atfribute @ame="numDerivativesAtStart" type="integer" default="0" />
<atfribute=name="numDerivativesAtEnd" type="integer" default="0" />
<atfribu%® name="numDerivativelInterior" type="integer" default="0" />
</complexType>
<element name="AbstractCurveSegment" type="gml:AbstractCurveSegmentType"
abstract="true"
substitutionGroup="gml:AbstractObject" />
gml:AbstractCurveSegment implements [ISO 19107 GM_CurveSegment (see D.2.3.3 and
ISO 19107:2003, 6.4.9).

A curve segment defines a homogeneous segment of a curve.

The attributes numberivativesAtStart, numDerivativesAtEnd and numDerivativesInterior specify the
type of continuity as specified in ISO 19107:2003, 6.4.9.3.

The gml:AbstractCurveSegment element is the abstract head of the substitution group for all curve
segment elements, i.e. continuous segments of the same interpolation mechanism.
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The encoding of the control points in a curve segment shall follow the pattern described in 10.1.4.4.

All

curve segments shall have an attribute interpolation

with type gml:CurveInterpolationType

specifying the curve interpolation mechanism used for this segment. This mechanism uses the control
points and control parameters to determine the position of this curve segment.

10.4.7.2 CurveSegmentArrayPropertyType, segments

gml

Thi
sha

10.

gml
spe

Thi

10.

<complexType name="CurveSegmentArrayPropertyType">

<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractCurveSegment" />

SCUUCIICE
/complexType>

E CurveSegmentArrayPropertyType i1s a container for an array of curve segments.
element name="segments" type="gml:CurveSegmentArrayPropertyType" />

| be preserved when processing the array.

1.7.3 CurvelnterpolationType

simpleType name="CurvelnterpolationType">
<restriction base="string">

<enumeration value="linear" />

<enumeration value="geodesic" />

<enumeration value="circularArc3Points" />

<enumeration value="circularArc2PointWithBulge" />
<enumeration value="circularArcCenterPoigtiWithRadius" />

<enumeration

value="elliptical" />

<enumeration value="clothoid" />
<enumeration value="conic" />
<enumeration value="polynomialSpkimne" />
<enumeration value="cubicSplinef{™/>
<enumeration value="rationalSpline" />
</restriction>
/simpleType>
L CurveInterpolationType isalistoficodes that may be used to identify the interpolation nj
cified by an application schema.
5 type implements ISO 19107 GM_Curvelnterpolation (see D.2.3.4 and 1SO 19107:2003, 6.
1.7.4 LineStringSegmentType, LineStringSegment
complexType sadme="LineStringSegmentType">
<complex€ontent>
<extehsilion base="gml:AbstractCurveSegmentType">
<Ssequence>
<choice>

<choice minOccurs="2" maxOccurs="unbounded">
<element ref="gml:pos" />

5 property element contains a list of curve segments. The order of the eleméxts is signfificant and

echanisms

1.8).

<element ref="gml:pointProperty" />

<element ref="gml:pointRep"/>
</choice>

<element ref="gml:posList" />

<element ref="gml:coordinates" />
</choice>
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
fixed="1linear" />
</extension>

sub

</complexContent>

</complexType>

<element name="LineStringSegment" type="gml:LineStringSegmentType"

/>

stitutionGroup="gml:AbstractCurveSegment"

gml:LineStringSegment implements ISO 19107 GM_LineString (see D.2.3.4 and ISO 19107:2003, 6.4.10).
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A gml:LineStringSegment is a curve segment that is defined by two or more control points including
the start and end point, with linear interpolation between them.

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).

10.4.7.5 ArcStringType, ArcString

<complexType name="ArcStringType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">
<sequence>
hoa
<choice minOccurs="3" maxOccurs="unbounded">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
fixed="cifcularArc3Points" />
<attribute name="numArc" type="integer" />
/extension>
</c¢mplexContent>
</complexType>

<elemenpt name="ArcString" type="gml:ArcStringType" substitutionGroup="gml:AbstractCuyrve
Segment" [>

gml:ArcStting implements ISO 19107 GM_ArcString (see D:2:3.4 and I1SO 19107:2003, 6.4.14).

A gml:Arpstring is a curve segment that .uses three-point circular arc interpolafion
(“circularArc3Points”). The number of arcs in the arc'string may be explicitly stated in the attrilhute
numArc. The number of control points in the arc string shall be 2 * numArc + 1.

The conterlt model follows the general patternifor the encoding of curve segments (see 10.4.7).

10.4.7.6 ArcType, Arc

<complg¢xType name="ArcType"{
<corpplexContent>
restriction base="gml:ArcStringType">
<sequence>
<choice>
<choigde minOccurs="3" maxOccurs="3">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
</sequence>
<attribute name="numArc" type="integer" fixed="1" />
</restriction>
</complexContent>
</complexType>

<element name="Arc" type="gml:ArcType" substitutionGroup="gml:ArcString" />

gml:Arc implements ISO 19107 GM_Arc (see D.2.3.4 and I1SO 19107:2003, 6.4.15).

An Arcis an arc string with only one arc unit, i.e. three control points including the start and end point.
As arc is an arc string consisting of a single arc, the attribute “numArc” is fixed to "1".
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10.4.7.7 CircleType, Circle

<complexType name="CircleType">
<complexContent>
<extension base="gml:ArcType" />
</complexContent>
</complexType>

<element name="Circle" type="gml:CircleType" substitutionGroup="gml:Arc" />

gml:Circle implements ISO 19107 GM_Circle (see D.2.3.4 and I1SO 19107:2003, 6.4.16).

A Circle is an arc whose ends coincide to form a simple closed loop. The three control points shall be
dis{inct non-co-linear points for the circle to be unambiguously defined. The arc 1s simply extended
past the third control point until the first control point is encountered.

10.4.7.8 ArcStringByBulgeType, ArcStringByBulge

complexType name="ArcStringByBulgeType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">
<sequence>
<choice>
<choice minOccurs="2" maxOccurs="unbounded'>
<element ref="gml:pos" />
<element ref="gml:pointProperty" /X
<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" %¥/>
</choice>
<element name="bulge" type="doubkle" maxOccurs="unbounded"/>
<element name="normal" type=¥gml:VectorType" maxOccurs="unbounded| />
</sequence>
<attribute name="interpolatigon" type="gml:CurvelnterpolationType"
fixed="circularArc2PointWithBulge" />
<attribute name="numArc', type="integer" />
</extension>
</complexContent>
/complexType>

element name="ArcStringByBulge" type="gml:ArcStringByBulgeType"
substitutionGroup="gmntMbstractCurveSegment" />

gmlfArcStringByBuldge jnplements ISO 19107 GM_ArcStringByBuldge (see D.2.3.4 and I1SO 19107:2003,
6.4117).

Thip variant of the=ar¢ computes the mid points of the arcs instead of storing the coordinates directly.
The control poifit-Sequence consists of the start and end points of each arc plus the gml {bulge (see
1S0|19107:2008,°6.4.17.2). The gml:normal is a vector normal (perpendicular) to the chord of the arc
(seq ISO 19107:2003, 6.4.17.4).

The interpolation is fixed as "circularArc2PointWithBulge".

The number of arcs in the arc string may be explicitly stated in the attribute numarc. The number of
control points in the arc string shall be numArc + 1.

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).

10.4.7.9 ArcByBulgeType, ArcByBulge

<complexType name="ArcByBulgeType">
<complexContent>
<restriction base="gml:ArcStringByBulgeType">
<sequence>
<choice>
<choice minOccurs="2" maxOccurs="2">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
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<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
<element name="bulge" type="double" />
<element name="normal" type="gml:VectorType"/>
</sequence>
<attribute name="numArc" type="integer" fixed="1" />

</restriction>
</complexContent>
</complexType>

<elemef
substif

gml:ArcByj

An ArcByH
normal ve

As arcis ay

10.4.7.10

<complg
<coff

</c
</comp]

<elemef
substif

This varia
coordinate

Lt name="ArcByBulge" type="gml:ArcByBulgeType"
utionGroup="gml:ArcStringByBulge" />
uldge implements ISO 19107 GM_ArcByBuldge (see D.2.3.4 and ISO 19107:2003, 6:4.18).

ulge is an arc string with only one arc unit, i.e. two control points, one bulge and
tor.

| arc string consisting of a single arc, the attribute “numArc” is fixed to "I*

ArcByCenterPointType, ArcByCenterPoint

xType name="ArcByCenterPointType">
plexContent>
extension base="gml:AbstractCurveSegmentType">
<sequence>
<choice>
<choice>
<element ref="gml:pos" />
<element ref="gml:pointProperty¥ />
<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
<element name="radius" tywpe="gml:LengthType" />
<element name="startAnglé" type="gml:AngleType" minOccurs="0" />
<element name="endAngle" type="gml:AngleType" minOccurs="0" />
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
fixed="circularAycCenterPointWithRadius" />
<attribute name¥™humArc" type="integer" use="required" fixed="1" />
/extension>
mplexContent>
exType>

ht name="ApeByCenterPoint" type="gml:ArcByCenterPointType"
utionGroup="gml:AbstractCurveSegment" />

t of thearc requires that the points on the arc shall be computed instead of storing
s directly. The single control point is the center point of the arc plus the radius and

bearing at

stapt and end. This representation can be used only in 2D.

The element gn1: radius specifies the radius of the arc.

The element gml:startangle specifies the bearing of the arc at the start.

The element gn1:endaAngle specifies the bearing of the arc at the end.

The interpolation is fixed as "circularArcCenterPointWithRadius".

Since this type describes always a single arc, the attribute “numArc” is fixed to "1".

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).
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10.4.7.11 CircleByCenterPointType, CircleByCenterPoint

Ag
full

10.

fix

gmlk

<complexType name="CircleByCenterPointType">

<complexContent>
<restriction base="gml:ArcByCenterPointType">
<sequence>
<choice>
<choice>
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep" />
</choice>

clement ref="aoml - :-noslist"
T+

<element ref="gml:coordinates" />
</choice>
<element name="radius" type="gml:LengthType" />
</sequence>
</restriction>
</complexContent>
/complexType>

element name="CircleByCenterPoint" type="gml:CircleByCenterRointType"
bubstitutionGroup="gml:ArcByCenterPoint" />

l:CircleByCenterPoint iS an gml:ArcByCenterPoint with identical start and end angl
circle. Again, this representation can be used only in 2D.

1.7.12 CubicSplineType, CubicSpline

complexType name="CubicSplineType">
<complexContent>
<extension base="gml:AbstractCurveSeghentType">
<sequence>
<choice>
<choice minOccurs="2" m&dxOccurs="unbounded">
<element ref="gml:pos" />
<element ref="gmlirpointProperty" />
<element ref="gml:pointRep" />
</choice>
<element ref=Ygml:poslList" />
<element ref="gml:coordinates" />
</choice>
<element name¢="vectorAtStart" type="gml:VectorType" />
<element \ndme="vectorAtEnd" type="gml:VectorType" />
</sequencg>
<attribdte name="interpolation" type="gml:CurvelnterpolationType"
Ed="cubicSpling". V>
<attribute name="degree" type="integer" fixed="3" />
</exw€hnsion>
</complgxContent>
/compléxType>

elenment name="CubicSpline" type="gml:CubicSplineType"
bubstitutionGroup="gml:AbstractCurveSegment" />

b to form a

cobicspiine implements1S0 19107 GM CubicSpline {see D.2.3.4 and 1S0 19107:2003, 6.

SO+ C P+

The number of control points shall be at least three.

1.28).

gml:vectorAtStart is the unit tangent vector at the start point of the spline. gml : vectoratEnd is the unit
tangent vector at the end point of the spline. Only the direction of the vectors shall be used to determine

the

shape of the cubic spline, not their length.

interpolation is fixed as "cubicSpline".

degree shall be the degree of the polynomial used for the interpolation in this spline. Therefore the
degree for a cubic spline is fixed to "3".

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).
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10.4.7.13

BSplineType, BSpline

<complexType name="BSplineType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">

<sequence>
<choice>
<choice minOccurs="0" maxOccurs="unbounded">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep" />
</choice>

clement VcF:"ﬁm]‘pm IList"

default="¢

</c
</comp]

<elemef
substif

gml:BSpliy

A B-Spline
points and
be either
"polynomi

<element ref="gml:coordinates" />
</choice>
<element name="degree" type="nonNegativelnteger" />
<element name="knot" type="gml:KnotPropertyType" minOccurs="2"
maxOccurs="unbounded" />
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
olynomialSpline" />
<attribute name="isPolynomial" type="boolean" />
<attribute name="knotType" type="gml:KnotTypesType" />
/extension>
mplexContent>
exType>

Lt name="BSpline" type="gml:BSplineType"
utionGroup="gml:AbstractCurveSegment" />

e implements ISO 19107 GM_BSplineCurve (see D.2.3.4"and ISO 19107:2003, 6.4.30).

basis functions as specified in ISO 19107:2003, 6.4.30. Therefore, interpolation
"polynomialSpline" or "rationalSpline" defpending on the interpolation type; defau
h|Spline”.

degree shall be the degree of the polynomial used for interpolation in this spline.

is a piecewise parametric polynomial or ratiowal curve described in terms of COI‘JIE\I‘O]

ay
is

gml:knot ghall be the sequence of distinct knots used to define the spline basis functions [see
IS0 19107:2003, 6.4.26.2).
The attribfite isPolynomial shall be-set to “true” if this is a polynomial spline (see ISO 19107:2003,
6.4.30.5).
The attribfite knotType shall\provide the type of knot distribution used in defining this spline [see
[SO 19107:2003, 6.4.30.4):
The conterlt model follows the general pattern for the encoding of curve segments (see 10.4.7).
10.4.7.14 KnotType, KnotPropertyType
<compléxPype name="KnotType
<sequence>
<element name="value" type="double" />
<element name="multiplicity" type="nonNegativelnteger" />
<element name="weight" type="double" />
</sequence>
</complexType>

gml :Knot implements ISO 19107 GM_Knot (see D.2.3.4 and ISO 19107:2003, 6.4.24).

A knotisa

gml:value

breakpoint on a piecewise spline curve.

is the value of the parameter at the knot of the spline (see ISO 19107:2003, 6.4.24.2).

gml:multiplicity is the multiplicity of this knot used in the definition of the spline (with the same

weight).

64

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

gml:weight is the value of the averaging weight used for this knot of the spline.

<complexType name="KnotPropertyType">
<sequence>
<element name="Knot" type="gml:KnotType" />
</sequence>
</complexType>

gml:KnotPropertyType encapsulates a knot to use it in a geometric type.

10.4.7.15 KnotTypesType

<simpleTvpe name="KnotTvpesType">
<restriction base="string">
<enumeration value="uniform" />
<enumeration value="quasiUniform" />
<enumeration value="piecewiseBezier" />
</restriction>
/simpleType>

gmlfKnotTypesType implements ISO 19107 GM_KnotType (see D.2.3.4 and [S0/19107:2003, 6}4.25).

Thif enumeration type specifies values for the knots’ type (see ISO 191072003, 6.4.25).

10.4.7.16 BezierType, Bezier

complexType name="BezierType">
<complexContent>
<restriction base="gml:BSplineType">
<sequence>
<choice>
<choice minOccurs="0" maxOccufs="unbounded">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pOi&'tRep" />
</choice>
<element ref="gml:poslList" />
<element ref="gmlulcoordinates™ />
</choice>
<element name="degree" type="nonNegativelnteger" />
<element name="%knot" type="gml:KnotPropertyType"
minOccurs="R"\maxOccurs="2" />
</sequence>
<attribute rname="interpolation" type="gml:CurvelnterpolationType"
fixed="pghynomialSpline" />
<attribuyte~name="isPolynomial" type="boolean" fixed="true" />
<attribute name="knotType" type="gml:KnotTypesType" use="prohibited" |/>
</restpiction>
</complefXContent>
/complexType>

elementhhame="Bezier" type="gml:BezierType" substitutionGroup="gml:BSpline" Jf>

gmlkBezier implements ISO 19107 GM_Bezier (see D.2.3.4 and ISO 19107:2003, 6.4.31).

BezlierZcurves are pn]ynnrnla] cpllnnc that use Bezioer or Bernstein pn]ynnmlalc for ln-erpolatlon

purposes. It is a special case of the B-Spline curve with two knots.

gml:degree shall be the degree of the polynomial used for interpolation in this spline.
gml:knot shall be the sequence of distinct knots used to define the spline basis functions.
interpolation is fixed as "polynomialSpline".

isPolynomial is fixed as “true”.

knotType is not relevant for Bezier curve segments.
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OffsetCurveType, OffsetCurve

<complexType name="OffsetCurveType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">

<sequence>
<element
<element
<element

</sequence>

name="offsetBase" type="gml:CurvePropertyType"/>
name="distance" type="gml:LengthType"/>
name="refDirection" type="gml:VectorType" minOccurs="0"/>

</extension>
</complexContent>

</comp

exTyune
T

<elemef
substif

An offset c

gml:0ffsef
gml:offsef
gml:refDif

The conten

10.4.7.18

<compl{
<se

</s9
</comp]

<elemef
substif
gml:Affing
6.4.21 and

the same njeaning as specified in ISO-19107:2003, 6.4.21.

10.4.7.19

<compld
<coff

ht name="OffsetCurve" type="gml:0ffsetCurveType"
utionGroup="gml:AbstractCurveSegment"/>

irve is a curve at a constant distance from the basis curve.

implements I1SO 19107 GM_OffsetCurve (see D.2.3.4 and ISO 19107:2003, 6.4.
Base is the base curve from which this curve is defined as an offset)gml:distance
ection have the same meaning as specified in ISO 19107:2003, 6.4.23.

Curve

23).
and

t model follows the general pattern for the encoding of curve segménts (see 10.4.7).

AffinePlacementType, AffinePlacement

xType name="AffinePlacementType">
fluence>
element
element
element
element
quence>
exType>

name="location" type="gml:DirectPosithonType"/>
name="refDirection" type="gml:VectofDype" maxOccurs="unbounded"/>
name="inDimension" type="positiveinteger"/>

name="outDimension" type="positiuelnteger"/>

Lt name="AffinePlacement" type="gmlYAffinePlacementType"
utionGroup="gml:AbstractObject'(/}>

Placement implements ISO 19107 GM_AffinePlacement (see D.2.3.4 and ISO 19107:2003,

6Aa20JJ.gml:location, gnl:refDirection, gml:inDimension and gml:outDimension Have

ClothoidType, Clothoid

xType name="ClothoidType">
plexContent>
extension Has€="gml:AbstractCurveSegmentType">
<sequernce>
<gleément name="reflLocation">
<complexType>
<sequence>
<element ref="gml:AffinePlacement"/>

</segquence>

</complexType>
</element>
<element name="scaleFactor" type="decimal"/>
<element name="startParameter" type="double"/>
<element name="endParameter" type="double"/>
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
fixed="clothoid"/>

</extension>
</complexContent>
</complexType>

<element name="Clothoid" type="gml:ClothoidType"
substitutionGroup="gml:AbstractCurveSegment" />

A clothoid,

66

or Cornu's spiral, is plane curve whose curvature is a fixed function of its length.
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gml:Clothoid implements ISO 19107 GM_Clothoid (see D.2.3.4 and ISO 19107:2003, 6.4.22).
gml:refLocation,gml:startParameter,gml:endParameteraIKigml:scaleFactorhavethesarnerneaning
as specified in SO 19107:2003, 6.4.22.

interpolation is fixed as "clothoid".

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).

10.4.7.20 GeodesicStringType, GeodesicString

<complexType name="GeodesicStringType">
complexcontent
<extension base="gml:AbstractCurveSegmentType">
<choice>
<element ref="gml:posList"/>
<group ref="gml:geometricPositionGroup"
mihOccurs="2" maxOccurs="unbounded"/>
</choice>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
fiked="geodesic"/>
</extension>
</complexContent>
/complexType>

element name="GeodesicString" type="gml:GeodesicStringType"
substitutionGroup="gml:AbstractCurveSegment"/>

gmlfGeodesicstring implements ISO 19107 GM_GeodesicString (see D.2.3.4 and ISO 1P107:2003,
6.4.]12), a sequence of geodesic segments.

Thg number of control points shall be at least two.
intfrpolation is fixed as "geodesic".

Theg content model follows the general pattern for the encoding of curve segments (see 10.4.T).

10.4.7.21 GeodesicType, Geodesic

complexType name="GeodesicType">
<complexContent>
<extension base="lgml:GeodesicStringType" />
</complexContent>
/complexType>

element name='"lGewdesic" type="gml:GeodesicType" substitutionGroup="gml:GeodesidqString"/>

gmlkGeodesic impléments ISO 19107 GM_Geodesic (see D.2.3.4 and ISO 19107:2003, 6.4.13).
10.5 Geomietric primitives (2-dimensional)

10.5.1 “AbstractSurfaceType, AbstractSurface

<complexType name="AbstractSurfaceType" abstract="true">
<complexContent>
<extension base="gml:AbstractGeometricPrimitiveType"/>
</complexContent>
</complexType>

<element name="AbstractSurface" type="gml:AbstractSurfaceType" abstract="true"
substitutionGroup="gml:AbstractGeometricPrimitive" />

gml:AbstractSurfaceType iS an abstraction of a surface to support the different levels of complexity. A
surface is always a continuous region of a plane.

The gml:abstractsurface element is the abstract head of the substitution group for all (continuous)
surface elements.
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10.5.2 SurfacePropertyType, surfaceProperty

<complexType name="SurfacePropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractSurface"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="surfaceProperty" type="gml:SurfacePropertyType" />

A property that has a surface as its value domain may either be an appropriate geometry element

encapsula
remote includes geometry elements located elsewhere in the same document). Either the referenc
the containjed element shall be given, but neither both nor none.

This propgrty element either references a surface via the XLink-attributes or contajns the sur
element. suyrfaceProperty is the predefined property which may be used by GML application sche
whenever § GML feature has a property with a value that is substitutable for gm1:Agstractsurface.

10.5.3 SuffaceArrayPropertyType, surfaceArrayProperty

<complg¢xType name="SurfaceArrayPropertyType">
<seduence minOccurs="0" maxOccurs="unbounded">
element ref="gml:AbstractSurface" />
</s¢quence>
<atfributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

Face
mas

gml:Surfa¢eArrayPropertyType iS a container for an arragp,of surfaces. The elements are always

contained [n the array property, referencing geometry eleénients or arrays of geometry elements
XLinks is not supported.

<element name="surfaceArrayProperty" type="gml:SurfaceArrayPropertyType" />

via

This propgrty element contains a list of surface‘elements. surfaceArrayProperty is the predefined
property which may be used by GML application:schemas whenever a GML feature has a property with

a value thalt is substitutable for a list of AbstractSurfaces.

10.5.4 PolygonType, Polygon

<complgxType name="PolygonTypg">
<corplexContent>
extension base="gml:AbstractSurfaceType">
<sequence>
<element Wweéf="gml:exterior" minOccurs="0" />
<elemépt¥ref="gml:interior" minOccurs="0" maxOccurs="unbounded" />
</sequelee>
/extengion>
</cemplexContent>
</complexType>

<elemerni swame="Polygon" type="gml - PolvgonType" substitutionGroup="gml - AbstractSnrface"

/>

A gnl:Polygon is a special surface that is defined by a single surface patch (see D.3.6). The boundary of

this patch is coplanar and the polygon uses planar interpolation in its interior.
NOTE ISO 19107 GM_Polygon is implemented by gm1 : PolygonPatch.

The elements gml:exterior and gml:interior describe the surface boundary of the polygon and
specified below.

10.5.5 exterior, interior

<element name="exterior" type="gml:AbstractRingPropertyType" />
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A boundary of a surface consists of a number of rings. In the normal 2D case, one of these rings is
distinguished as being the exterior boundary. In a general manifold this is not always possible, in which
case all boundaries shall be listed as interior boundaries, and the exterior will be empty.

<element name="interior" type="gml:AbstractRingPropertyType" />
A boundary of a surface consists of a number of rings. The "interior" rings separate the surface/surface
patch from the area enclosed by the rings.

10.5.6 AbstractRingType, AbstractRing

<complexType name="AbstractRingType" abstract="true">
<complexContent>
<extension base="gml:AbstractCurveType">
<sequence/>
</extension>
</complexContent>
/complexType>

element name="AbstractRing" type="gml:AbstractRingType" abstract="true"
substitutionGroup="gml:AbstractCurve"/>

An gbstraction of a ring to support surface boundaries of different complexity.

The gm1:abstractRing element is the abstract head of the substitution group for all closed boundaries
of a|surface patch.

10.5.7 AbstractRingPropertyType

complexType name="AbstractRingPropertyType">
<sequence>
<element ref="gml:AbstractRing"/>
</sequence>
/complexType>

A property with the content model of gm1:abstractRingPropertyType encapsulates a ring tg represent
the[surface boundary property of a surfacé.

10.5.8 LinearRingType, LinearRing

complexType name="LineasR¥*ngType">
<complexContent>
<extension basé="yJgml:AbstractRingType">
<sequencey
<choice>
<glioice minOccurs="4" maxOccurs="unbounded">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep"/>
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
</sequence>
</extension>
</complexContent>
</complexType>

<element name="LinearRing" type="gml:LinearRingType"
substitutionGroup="gml:AbstractRing" />

A gml:LinearRing is defined by four or more coordinate tuples, with linear interpolation between them;
the first and last coordinates shall be coincident.

The encoding of the control points follows the pattern described in 10.1.4.4. The number of direct
positions in the list shall be at least four.
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10.5.9 LinearRingPropertyType

<complexType name="LinearRingPropertyType">
<sequence>
<element ref="gml:LinearRing"/>
</sequence>
</complexType>
A property with the content model of gml:LinearRingPropertyType encapsulates a linear ring to

represent a component of a surface boundary.

10.5.10SurfaceType, Surface

<complgxType name="SurfaceType">
<corpplexContent>

extension base="gml:AbstractSurfaceType">
<sequence>

<element ref="gml:patches" />

</sequence>

/extension>
</cgmplexContent>

</complexType>

<elemernt name="Surface" type="gml:SurfaceType" substitutionGroupz"gml:AbstractSurface"| />
A Surface is a 2-dimensional primitive and is composed of one or more sutface patches as specified in
[SO 19107:2003, 6.3.17.1. The surface patches are connected to one another.

gml:Surfa¢e implements ISO 19107 GM_Surface (see D.2.3.4 and 1S0{19107:2003, 6.3.17).

gml:patchg¢s encapsulates the patches of the surface.

10.5.110rjentableSurfaceType, OrientableSurface, baseSurface

<complg¢xType name="OrientableSurfaceType">
<corpplexContent>
extension base="gml:AbstractSurfac&Type">

<sequence>
<element ref="gml:basegurface" />
</sequence>
<attribute name="orienflation" type="gml:SignType" default="+" />
/extension>

</c¢mplexContent>
</complexType>

<elemenpt name="baseSurface" type="gml:SurfacePropertyType" />

<elemenpt name="OrientableSurface" type="gml:OrientableSurfaceType"
substifutionGroup="gml:AbstractSurface" />

gml:OrienfableSunfade implements ISO 19107 GM_OrientableSurface (see D.2.3.4 and ISO 19107:2(003,
6.3.15).

gml:Orientablesurface consists of a surface and an orientation. If the orientation is "+", then|the

1 . Pt = ic 3daontical +o +ha 1l o = 1f +hao . ——— ic oo the
gml : OrienteapteSurface—iS—taehticar—to—tnet—gmtrraseSurface—t—tHe—orrertatron 1S et

gml:OrientableSurface is a reference to a gml:AbstractSurface with an up-normal that reverses the
direction for this gm1:0rientablesSurface, the sense of "the top of the surface".

The property gml :basesurface references or contains the base surface. The property gml :baseSurface
either references the base surface via the XLink-attributes or contains the surface element. A surface
element is any element which is substitutable for gm1:abstractsurface. The base surface has positive
orientation.

NOTE This definition allows for a nested structure, i.e. a gml:OrientableSurface can use another
gml:OrientableSurface as its base surface.
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10.5.11.1 Ring, RingType, curveMember

<complexType name="RingType">
<complexContent>
<extension base="gml:AbstractRingType">
<sequence>
<element ref="gml:curveMember" maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

element name="Ring" type="gml:RingType" substitutionGroup="gml:AbstractRing"|/>

element name="curveMember" type="gml:CurvePropertyType" />

gmlfRing implements ISO 19107 GM_Ring (see D.2.3.4 and I1SO 19107:2003, 6.3.6).

A rjng is used to represent a single connected component of a surface houndary as specified in
[SO[19107:2003, 6.3.6.

Evefry gml:curveMenber references or contains one curve, i.e. any elemient which is subst:ltutable for
gmlfAbstractCurve. In the context of a ring, the curves describe th& boundary of the syrface. The
seqpience of curves shall be contiguous and connected in a cycle.

If provided, the aggregationType attribute shall have the valu€“sequence”.

NOTE This definition allows for a nested structure, i.e. a ginh: curveMember may be a gml : CompdsiteCurve
whifh in turn can be constructed from other gml : CompositeéCurves as a curve members.

10.5.11.2 RingPropertyType

complexType name="RingPropertyType'">
<sequence>
<element ref="gml:Ring"/>
</sequence>
/complexType>
A property with the content model of gml:RingPropertyType encapsulates a ring to represent a

conjponent of a surface boundary.

10.5.11.3 PolyhedralSurface

element name="RolTyhedralSurface" type="gml:SurfaceType"
subptitutionGroup&*gml:Surface"/>

gmlf Polyhedralgixface implements ISO 19107 GM_PolyhedralSurface (see D.2.3.4 and ISO 19107:2003,
6.435).

A golyhedral” surface is a surface composed of polygon patches connected along their common
boundary curves.

nnnnnnnlqi—nn tha nolugon natcboc oftba soluhoadea]l oo -n ANl ot cobac chall e polygon

e 1o
gml-parefres—eREapSthatesStRe-porygon-patenes-otrtne-poryrearar SstFrace—~rrpPatEnesSharr

patches.

10.5.11.4 TriangulatedSurface
<element name="TriangulatedSurface" type="gml:SurfaceType"
substitutionGroup="gml:Surface"/>

gml:TriangultedSurface implements ISO 19107 GM_TriangulatedSurface (see D.2.3.4 and
ISO 19107:2003, 6.4.37).

A triangulated surface is a polyhedral surface that is composed only of triangles. There is no restriction
on how the triangulation is derived.

gml:patches encapsulates the triangles of the triangulated surface. All patches shall be triangle patches.
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10.5.11.5 TinType, Tin

<complexType name="TinType">
<complexContent>
<extension base="gml:TriangulatedSurfaceType">
<sequence>
<element name="stopLines" type="gml:LineStringSegmentArrayPropertyType"
minOccurs="0" maxOccurs="unbounded"/>
<element name="breakLines" type="gml:LineStringSegmentArrayPropertyType"
minOccurs="0" maxOccurs="unbounded"/>
<element name="maxLength" type="gml:LengthType"/>
<element name="controlPoint">
r*r\mp'l exType
<choice>
<element ref="gml:posList"/>
<group ref="gml:geometricPositionGroup" minOccurs="3"
maxOccurs="unbounded" />
</choice>
</complexType>
</element>
</sequence>
/extension>
</c¢mplexContent>
</complexType>

<elemefpt name="Tin" type="gml:TinType" substitutionGroup="gml:PriangulatedSurface"/

gml:Tin implements ISO 19107 GM _Tin (see D.2.3.4 and ISO 19107:2003,-6.4.39).

A tin is a tfriangulated surface that uses the Delauny algorithm :0x a similar algorithm complemented
with consifleration of stoplines (gml:stopLines), breaklines (giilbreakLines), and maximum length of
triangle sifles (gm1:maxLength). gml:controlPoint shall cont@in a set of the positions (three or mpre)
used as posts for this TIN (corners of the triangles in the TIN). See [SO 19107:2003, 6.4.39 for detailp.

10.5.11.6 LineStringSegmentArrayPropertyType

<complé¢xType name="LineStringSegmentArxgyPropertyType">
<seduence minOccurs="0" maxOccurs="unbounded">
element ref="gml:LineString$egment" />
</s¢quence>
</complexType>
gml:LineStringSegmentArrayPropertyType provides a container for line strings.

10.5.12Sufface patches

10.5.12.1 AbstractSurfacePatchType, gml : AbstractSurfacePatch
<complé¢xType name="AbstractSurfacePatchType" abstract="true" />

<element names="AbstractSurfacePatch" type="gml:AbstractSurfacePatchType"
abstra¢t="trfue" />

A surface gatch defines a homogenous portion of a surface.

gml:AbstractSurfacePatch implements ISO 19107 GM_SurfacePatch (see D.2.3.4 and ISO 19107:2003,
6.4.34).

The gml:AbstractSurfacePatch element is the abstract head of the substitution group for all surface
patch elements describing a continuous portion of a surface.

All surface patches shall have an attribute interpolation (declared in the types derived from
gml:AbstractSurfacePatchType) specifying the interpolation mechanism used for the patch using
gml:SurfacelnterpolationType (see 10.5.12.3).
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10.5.12.2 SurfacePatchArrayPropertyType, patches

<complexType name="SurfacePatchArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractSurfacePatch" />
</sequence>
</complexType>
gml:SurfacePatchArrayPropertyType iS a container for a sequence of surface patches.

<element name="patches" type="gml:SurfacePatchArrayPropertyType" />
The gml:patches property element contains the sequence of surface patches. The order of the elements
is significant and shall be preserved when processing the array.

10.5.12.3 SurfacelnterpolationType

simpleType name="SurfaceInterpolationType">
<restriction base="string">
<enumeration value="none" />
<enumeration value="planar" />
<enumeration value="spherical" />
<enumeration value="elliptical" />
<enumeration value="conic" />
<enumeration value="tin" />
<enumeration value="parametricCurve" />
<enumeration value="polynomialSpline™ />
<enumeration value="rationalSpline" />
<enumeration value="triangulatedSpline" />
</restriction>
/simpleType>
gmlkSurfaceInterpolationType is a list of codes that may be used to identify the inferpolation
mec¢hanisms specified by an application schema.

Thip type implements ISO 19107 GM_Surfacelnterpolation (see D.2.3.4 and ISO 19107:2003, 6.4.32).

10.5.12.4 PolygonPatchType, PolygonPatch

complexType name="PolygonPatchType">
<complexContent>
<extension base="gml;AbstractSurfacePatchType">
<sequence>
<element @ref="gml:exterior" minOccurs="0" />
<elemept réf="gml:interior" minOccurs="0" maxOccurs="unbounded" /
</sequence>
<attripute name="interpolation" type="gml:SurfacelnterpolationType"
fixed=)planar" />
</extellsion>
</compleXContent>
/complexType>

element name="PolygonPatch" type="gml:PolygonPatchType"
sul’stitutionGroup="gml:AbstractSurfacePatch" />

gnlk P61 ygonPatch implements ISO 19107 GM_Polygon (see D.2.3.4 and ISO 19107:2003, 6.4.36).

A gml:PolygonpPatch is a surface patch that is defined by a set of boundary curves and an underlying
surface to which these curves adhere. The curves shall be coplanar and the polygon uses planar
interpolation in its interior.

interpolation is fixed to "planar”, i.e. an interpolation shall return points on a single plane. The
boundary of the patch shall be contained within that plane.

10.5.12.5 TriangleType, Triangle

<complexType name="TriangleType">
<complexContent>
<extension base="gml:AbstractSurfacePatchType">
<sequence>
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<element ref="gml:exterior" />
</sequence>
<attribute name="interpolation" type="gml:SurfacelnterpolationType"
fixed="planar" />
</extension>
</complexContent>
</complexType>

<element name="Triangle" type="gml:TriangleType"
substitutionGroup="gml:AbstractSurfacePatch" />

gml:Triangle represents a triangle as a surface patch with an outer boundary consisting of a linear
ring. Note that this is a polygon (subtype) with no inner boundaries. The number of points in the linear

ring shall refour

The ring (dlement gm1:exterior) shall be a gm1:1.inearrRing and shall form a triangle, the first\and|the
last positidn shall be coincident.

interpolation is fixed to "planar”, i.e. an interpolation shall return points on a single plane. [The
boundary ¢f the patch shall be contained within that plane.

10.5.12.6 RectangleType, Rectangle

<compl¢xType name="RectangleType">
<complexContent>
extension base="gml:AbstractSurfacePatchType">
<sequence>
<element ref="gml:exterior" />
</sequence>
<attribute name="interpolation" type="gml:SurfacelnterpolationType"
fixed="planar" />
/extension>
</c¢mplexContent>
</complexType>

<elemenpt name="Rectangle" type="gml:RectahgleType"
substifutionGroup="gml:AbstractSurfaceRatch" />

gml:Rectafgle represents a rectangle as a surface patch with an outer boundary consisting of a lifear
ring. Note that this is a polygon (subtype) with no inner boundaries. The number of points in the ligear

ring shall Qe five.

NOTE hile conceptually a rectangle is a subtype of a polygon, defining gml:RectangleType as a fype
derived by festriction from gml : Pod ygonType is problematic due to the way the restriction construct is defined

in XML Schgma and has thus been avoided in this case.

The ring (element gm1:exterior) shall be a gml:LinearrRing and shall form a rectangle; the first and|the
last positidn shall be caincident.

interpolation is fixed to "planar”, i.e. an interpolation shall return points on a single plane. [The
boundary ¢f the;patch shall be contained within that plane.

10.5.12.7 PointGrid

<group name="PointGrid">
<sequence>
<element name="rows">
<complexType>
<sequence>
<element name="Row" maxOccurs="unbounded">
<complexType>
<group ref="gml:geometricPositionListGroup"/>
</complexType>
</element>
</sequence>
</complexType>
</element>
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</sequence>
</group>

gml:PointGrid implements ISO 19107 GM_PointGrid (see D.2.3.4 and ISO 19107:2003, 6.4.6).

A gml:PointGrid group contains or references points or positions which are organized into sequences
or grids. All gm1: rows shall have the same number of positions (columns).

10.5.12.8 AbstractParametricCurveSurfaceType, AbstractParametricCurveSurface
<complexType name="AbstractParametricCurveSurfaceType" abstract="true">
<complexContent>
oxteonsion bagse=—"coml -Abstract QHrF:‘hoDafﬁh'T‘_‘po"
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
/complexType>

element name="AbstractParametricCurveSurface"
Fvype="gml :AbstractParametricCurveSurfaceType" abstract="true"
bubstitutionGroup="gml:AbstractSurfacePatch"/>

gmlkAbstractParametricCurveSurface implements ISO 19107 GM_ParametricCurveSurface (see D.2.3.4
and/ ISO 19107:2003, 6.4.40).

The element provides a substitution group head for the surface patches based on parametriccurves. All
properties are specified in the derived subtypes. All derived subtypes shall conform to the ¢onstraints
spefified in ISO 19107:2003, 6.4.40.

If pfovided, the aggregationType attribute shall have thewalue “set”.

10.5.12.9 AbstractGriddedSurfaceType, AbstractGriddedSurface

complexType name="AbstractGriddedSurfaCeType" abstract="true">

<complexContent>
<extension base="gml:AbstractRarametricCurveSurfaceType">
<sequence>
<group ref="gml:PeintGrid"/>
</sequence>

<attribute name="rows" type="integer"/>
<attribute names="eolumns" type="integer"/>
</extension>
</complexContent>
/complexType>

element name="AbstractGriddedSurface" type="gml:AbstractGriddedSurfaceType"
bbstract="truel".SubstitutionGroup="gml:AbstractParametricCurveSurface"/>

gmlfAbstractGrdddédsurface implements ISO 19107 GM_GriddedSurface (see D.p.3.4 and
[SO[19107:2003;6.4.41). If provided, rows gives the number of rows, columns gives the number{of columns
in the parameter grid. The parameter grid is represented by an instance of the gm1:PointGrid group.

The elément provides a substitution group head for the surface patches based on a grid. All derived
subkypes shall conform to the constraints specified in ISO 19107:2003, 6.4.41.

10.5.12.10 ConeType, Cone

<complexType name="ConeType">
<complexContent>
<extension base="gml:AbstractGriddedSurfaceType">
<attribute name="horizontalCurveType" type="gml:CurvelnterpolationType"
fixed="circularArc3Points"/>
<attribute name="verticalCurveType" type="gml:CurvelnterpolationType"
fixed="1linear"/>
</extension>
</complexContent>
</complexType>
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<element name="Cone" type="gml:ConeType"
substitutionGroup="gml:AbstractGriddedSurface"/>

gml:Cone implements ISO 19107 GM_Cone (see D.2.3.4 and ISO 19107:2003, 6.4.42).

10.5.12.11

CylinderType, gmlCylinder

<complexType name="CylinderType">
<complexContent>
<extension base="gml:AbstractGriddedSurfaceType">

<attribute name="horizontalCurveType" type="gml:CurvelnterpolationType"
fixed="circularArc3Points"/>
<attribute name="verticalCurveType" type="gml:CurvelnterpolationType"

</c
</comp]

<elemef
substif

gml:Cylin

10.5.12.12

<compld
<cor

</c
</comp]

<elemef
substif

gml:Spherd

10.6 Geo

fixed="linear"/>
/extension>
mplexContent>
exType>

bt name="Cylinder" type="gml:CylinderType"
utionGroup="gml:AbstractGriddedSurface"/>

er implements [SO 19107 GM_Cylinder (see D.2.3.4 and ISO 19107:2003,64.43).

SphereType, Sphere

xType name="SphereType">

plexContent>

extension base="gml:AbstractGriddedSurfaceType">
<attribute name="horizontalCurveType" type="gmnlNCurvelnterpolationType"

fixed="circularArc3Points"/>

<attribe name="verticalCurveType" type="gml%GurvelnterpolationType"
fixed="circularArc3Points"/>

/extension>

mplexContent>

exType>

Lt name="Sphere" type="gml:SphereType"
utionGroup="gml:AbstractGriddedSurface"/>

implements ISO 19107 GM_Sphere((see D.2.3.4 and ISO 19107:2003, 6.4.44).

metric primitives (3-dimensional)

10.6.1 AbsstractSolidType, AbstractSolid

<compld
<co

</c
</comp]

<elemef
substif

xType name="AbstractSolidType">

plexContent>

extension bdse~"gml:AbstractGeometricPrimitiveType"/>
mplexContent>

exType>

bt names"AbstractSolid" type="gml:AbstractSolidType" abstract="true"
utdonGroup="gml:AbstractGeometricPrimitive" />

gml:Abstr

des0lidType is an abstraction of a solid to support the different levels of complexity.

The

solid may always be viewed as a geometric primitive, 1.e. 1S contiguous.

The gm1:2abstractsolid element is the abstract head of the substitution group for all (continuous) solid

elements.

10.6.2 SolidPropertyType, solidProperty

<complexType name="SolidPropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractSolid"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>
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A property that has a solid as its value domain may either be an appropriate geometry element
encapsulated in an element of this type or an XLink reference to a remote geometry element (where
remote includes geometry elements located elsewhere in the same document). Either the reference or
the contained element shall be given, but neither both nor none.

<element name="solidProperty" type="gml:SolidPropertyType"/>
This property element either references a solid via the XLink-attributes or contains the solid element.
gml:solidProperty is the predefined property which may be used by GML application schemas
whenever a GML feature has a property with a value that is substitutable for gml:Abstractsolid.
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h.3 SolidArrayPropertyType, solidArrayProperty

he array property, referencing geometry elements or arrays of geometry elements is not

complexType name="SolidArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractSolid" />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
/complexType>

SolidArrayPropertyType iS a container for an array of solids. The elemients are always

element name="solidArrayProperty" type="gml:SolidArrayPxopertyType"/>
5 property element contains a list of solid elements. solidArrayProperty is the predefine
ch may be used by GML application schemas whenever a GML feature has a property w
is substitutable for a list of gm1:2AbstractSolid.

b.4 SolidType, Solid

complexType name="SolidType">
<complexContent>
<extension base="gml:AbstractSoliidType">
<sequence>
<element name="exterion) type="gml:ShellPropertyType" minOccurs="
<element name="intenilor" type="gml:ShellPropertyType" minOccurs="
maxOccurs="unboundéd" />
</sequence>
</extension>
</complexContent>
/complexType>

element name="Solid" type="gml:S0lidType" substitutionGroup="gml:AbstractSoli}
: Solid implements SO 19107 GM_Solid (see D.2.3.3 and ISO 19107:2003, 6.3.18).

lid is the basisfer3-dimensional geometry. The extent of a solid is defined by the bounda
pecified in 150"19107:2003, 6.3.18. gml:exterior specifies the outer boundary, gml:in|
er boundaxy of the solid.

b.5,ShellType, Shell

contained
supported.

d property
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<complexContent>
<extension base="gml:AbstractSurfaceType">
<sequence>
<element ref="gml:surfaceMember" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>

</complexType>

<element name="Shell" type="gml:ShellType" substitutionGroup="gml:AbstractSurface"/>

<element name="surfaceMember" type="gml:SurfacePropertyType"/>

gml

©IS

:shell implements ISO 19107 GM_Shell (see D.2.3.3 and I1SO 19107:2003, 6.3.8).
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A shell is used to represent a single connected component of a solid boundary as specified in
[SO 19107:2003, 6.3.8.

Every gml:surfaceMember references or contains one surface, i.e. any element which is substitutable for
gml:AbstractSurface. In the context of a shell, the surfaces describe the boundary of the solid.

If provided, the aggregationType attribute shall have the value “set”.
NOTE This definition allows for a nested structure, i.e. a gml:surfaceMember can be a

gml:CompositeSurface which in turn can be constructed from other gml:CompositeSurfaces as a surface
members.

10.6.6 ShpgllPropertyType

<compl¢xType name="ShellPropertyType">
<sequence>

element ref="gml:Shell"/>
</s¢quence>

</complexType>

A property with the content model of gml:shellpPropertyType encapsulates-a shell to represept a
componenf of a solid boundary.

11 GML $chema — Geometric complex, geometric compgsites and geometric
aggregates

11.1 Overview
This clausq describes the geometry schema components for-geometric complexes and aggregates.

NOTE The geometry schema documents, geometrnyAggregates.xsd and geometryComplexes.xsd [(see
Annex C), are identified by the following location-independent name (using URN syntax):

— urn:og¢:specification:gml:schema-xsd:geometryAggregates:3.2.1
— urn:og¢:specification:gml:schema-xsd:geometryComplexes:3.2.1

Geometric| aggregates (i.e. instancesvof a subtype of gml:AbstractGeometricAggregateType) |are
arbitrary dggregations of geometry,elements. They are not assumed to have any additional intefnal
structure gdnd are used to "collect] pieces of geometry of a specified type. Application schemas mayfuse
aggregated for features that use multiple geometric objects in their representations.

Geometric|complexes (i€ instances of gml:GeometricComplexType) are closed collections of geomdtric
primitives/i.e. they willcontain their boundaries.

A geometr]c complex’(gm1: GeometricComplex) is defined by ISO 19107:2003, 6.6.1 as “a set of primiftive
geometric pbjects{in a common coordinate system) whose interiors are disjoint. Further, if a primifive
is in a georphetric complex, then there exists a set of primitives in that complex whose point-wise ution
is the boundar Y of-thisfirst Pt Hritive=

A geometric composite (gml :CompositeCurve, gml:CompositeSurface and gml: CompositeSolid)
represents a geometric complex with an underlying core geometry that is isomorphic to a primitive, i.e.
it can be viewed as a primitive and as a complex. See ISO 19107:2003, 6.1 and 6.6.3 for more details on
the nature of composite geometries.

Geometric complexes and composites are intended to be used in application schemas where the sharing
of geometry is important.
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11.2 Geometric complex and geometric composites
11.2.1 Geometric complex

11.2.1.1 GeometricComplexType, GeometricComplex

<complexType name="GeometricComplexType">
<complexContent>
<extension base="gml:AbstractGeometryType">
<sequence>
<element name="element" type="gml:GeometricPrimitivePropertyType"
maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
/complexType>

element name="GeometricComplex" type="gml:GeometricComplexTypel
bubstitutionGroup="gml:AbstractGeometry" />

gmlkGeometricComplex implements ISO 19107 GM_Complex (see 1SO_19107:2003, 6.6.2 and 6.6.1) as
spefified in D.2.3.6.

gmlfelement references or contains inline one geometric primitive (this includes composite ggometries).

11.2.1.2 GeometricComplexPropertyType

complexType name="GeometricComplexPropertyType' >
<sequence minOccurs="0">
<choice>
<element ref="gml:GeometricComplex"/>
<element ref="gml:CompositeCurie" />
<element ref="gml:CompositeSurface"/>
<element ref="gml:CompositeSolid"/>
</choice>
</sequence>
<attributeGroup ref="gml:QwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>
A ptoperty that has a geometric complex as its value domain may either be an appropriat¢ geometry
eletnent encapsulated in an.element of this type or an XLink reference to a remote geometry element
(wHere remote includes. geometry elements located elsewhere in the same document).|Either the

refdrence or the contained element shall be given, but neither both nor none.
NOTE The allowed geometry elements contained in such a property (or referenced by it) are nodelled by

an XML Schema ehoice element since the composites (conceptually) inherit both from geometric jomplex and
geometric primitive and are already part of the gml : AbstractGeometricPrimitive substitution grioup.

11.2.2"Composite geometries

11.2.2.1 General representation of composites in GML

The members of a geometric composite shall represent a homogeneous collection of geometric
primitives whose union would be the core geometry of the composite. The complex would include all
member primitives and all primitives on the boundary of these primitives, and so forth until gm1:Points
are included. Thus the "member” properﬁes In gml:CompositeCurve, gml:CompositeSurface and
gml:CompositeSolid represent a subset of the gmi:element property of gml:GeometricComplex.

As XML Schema does not support the concept of “multiple inheritance” which is used in ISO 19107 to
express the duality of the geometric composites (as an open primitive and as a closed complex) in the
GML schema, the composites derive from gml:AbstractGeometricPrimitiveType only. However, by
using a <choice> element in the property type gml :GeometricComplexPropertyType, a composite can be
used in any property which expects a gml:GeometricComplex as its value.
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11.2.2.2 CompositeCurveType, CompositeCurve

<complexType name="CompositeCurveType">
<complexContent>
<extension base="gml:AbstractCurveType">

<sequence>

<element ref="gml:curveMember" maxOccurs="unbounded"
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>

/>

</extension>
</complexContent>
</complexType>

<elemef
substif

gml:Compo

specified ip D.2.3.6.

A.gml:Comp
sequence t

gml:curvel

The curve
aggregati

NOTE ]
gml:Compo{

11.2.2.3 (

<complg
<coff

</c
</comp]

<elemef
substif

gml:Compo

specified in D.2.3.6.

A gml : Comg
geometric
that join in
surface.

ht name="CompositeCurve" type="gml:CompositeCurveType"
utionGroup="gml:AbstractCurve" />

itecurve implements ISO 19107 GM_CompositeCurve (see ISO 19107:2003,6:6.5)

ositecurve is represented by a sequence of (orientable) curves such that.each curve in
brminates at the start point of the subsequent curve in the list.

lember references or contains inline one curve in the composite curve.

s are contiguous, the collection of curves is ordered. Therefore, if provided,
nType attribute shall have the value “sequence”.

'his definition allows for a nested structure, i.e. a gm1 : CompositeCurve can use, for example, ano|
iteCurve as a curve member.

ompositeSurfaceType, CompositeSurface

xType name="CompositeSurfaceType">
plexContent>
extension base="gml:AbstractSurfacelype">
<sequence>
<element ref="gml:surfaceMember" maxOccurs="unbounded"
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
/extension>
mplexContent>
exType>

/>

it name="Compositefunrface" type="gml:CompositeSurfaceType"
utionGroup="gml:;&bstractSurface" />

itesurface implements ISO 19107 GM_CompositeSurface (see 1SO 19107:2003, 6.6.6

ositesurfele is represented by a set of orientable surfaces. It is a geometry type with all
properties of a (primitive) surface. Essentially, a composite surface is a collection of surf3
pairs’on common boundary curves and which, when considered as a whole, form a sii

as

the

the

ther

as

the
ices
ngle

gml:surfaceMember references or contains inline one surface in the composite surface.

The surfaces are contiguous.

NOTE
another gml

:CompositeSurface as a surface member.

11.2.2.4 CompositeSolidType, CompositeSolid

<complexType name="CompositeSolidType">
<complexContent>
<extension base="gml:AbstractSolidType">

80

<sequence>

<element ref="gml:solidMember" maxOccurs="unbounded" />
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</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="CompositeSolid" type="gml:CompositeSolidType"
substitutionGroup="gml:AbstractSolid" />
gml:CompositeSolidimplements ISO 19107 GM_CompositeSolid (see ISO 19107:2003, 6.6.7) as specified

inD.2.3.6.

A gml:compositesolid is represented by a set of orientable surfaces. It is a geometry type with all the
geO[TEtrIC Properties of a (primitive) Solfd: EsSenttally, a composite sotid 15 a cottection of]solids that

. )
joinin pairs on common boundary surfaces and which, when considered as a whole, fornya-gingle solid.
gmlksolidMember references or contains one solid in the composite solid. The solids,are‘cont]guous.

NOTE This definition allows for a nested structure, i.e.a gml : CompositeSolid camuse, for exampple, another
gmlkCompositeSolid as a member.

11.3 Geometric aggregates
11.B.1 Aggregates of unspecified dimensionality

11.8.1.1 AbstractGeometricAggregateType, AbstractGeometricAggregate

complexType name="AbstractGeometricAggregateType" abstract="true">
<complexContent>
<extension base="gml:AbstractGeometnyTlype">
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
/complexType>

element name="AbstractGeometrdcAggregate" type="gml:AbstractGeometricAggregatleType"
abptract="true" substitutionGrgup="gml:AbstractGeometry" />

gmlfAbstractGeometricAggregate.implements ISO 19107 GM_Aggregate (see ISO 19107:2003, 6.5.2) as
spefified in D.2.3.5. It is the abstract head of the substitution group for all geometric aggregates.

11.8.1.2 MultiGeometryType, MultiGeometry, geometryMember, geometryMembers

complexType name=YMultiGeometryType">
<complexContent>
<extemgidn base="gml:AbstractGeometricAggregateType">
<s&guence>
<element ref="gml:geometryMember" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:geometryMembers" minOccurs="0" />
</sequence>
</extension>
%¥/complexContent>
complexType

<element name="MultiGeometry" type="gml:MultiGeometryType"
substitutionGroup="gml:AbstractGeometricAggregate" />

gml:MultiGeometry is a collection of one or more GML geometry objects of arbitrary type (see D.3.8).

The members of the geometric aggregate may be specified either using the "standard" property
(gml:geometryMember) or the array property (gml:geometryMembers). It is also valid to use both the
"standard" and the array properties in the same collection.

NOTE Array properties cannot reference remote geometry elements via XLinks.

<element name="geometryMember" type="gml:GeometryPropertyType" />
This property element either references a geometry element via the XLink-attributes or contains the
geometry element.
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<element name="geometryMembers" type="gml:GeometryArrayPropertyType" />
This property element contains a list of geometry elements. The order of the elements is significant and

shall be preserved when processing the array.

11.3.1.3 MultiGeometryPropertyType, multiGeometryProperty

<complexType name="MultiGeometryPropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractGeometricAggregate"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>
A property| that has a geometric aggregate as its value domain may either be an appropriate géometry
element ernlcapsulated in an element of this type or an XLink reference to a remote geometfy-elenpent
(where refnote includes geometry elements located elsewhere in the same document). Either|the

reference gr the contained element shall be given, but neither both nor none.

<elemefpt name="multiGeometryProperty" type="gml:MultiGeometryPropertyType" />
This propefrty element either references a geometric aggregate via the XLink-attributes or contains|the
"multi geometry" element. gml :multiGeometryProperty is the predefined property, which may be ysed
by GML application schemas whenever a GML feature has a property with.a‘value that is substitutable

forgml:Ab\tractGeometricAggregate.
11.3.2 0-Dimensional aggregates

11.3.2.1 MultiPointType, MultiPoint, pointMember, pointMembers

<complé¢xType name="MultiPointType">
<corpplexContent>
extension base="gml:AbstractGeometricAggregateType">
<sequence>
<element ref="gml:pointMembe®™ minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:pointMembers" minOccurs="0" />
</sequence>
/extension>
</c¢mplexContent>
</complexType>

<elemenpt name="MultiPoint" ftype="gml:MultiPointType"
substifutionGroup="gml:AlyStractGeometricAggregate" />

gml:MultiPoint implements SO 19107 GM_MultiPoint (see ISO 19107:2003, 6.5.4) as specified in
D.2.3.5. A dml:MultiPoint €emsists of one or more gml:Points.

The memMers of the_géometric aggregate may be specified either using the "standard" propgrty
(9ml:pointMember)onthe array property (gml:pointMembers). Itis also valid to use both the "standgrd"
and the array properties in the same collection.

NOTE Array'properties cannot reference remote geometry elements via XLinks.

<element name="pointMember" type="gml:PointPropertyType" />
This property element either references a Point via the XLink-attributes or contains the Point element.
<element name="pointMembers" type="gml:PointArrayPropertyType" />
This property element contains a list of points. The order of the elements is significant and shall be
preserved when processing the array.
11.3.2.2 MultiPointPropertyType, multiPointProperty
<complexType name="MultiPointPropertyType">

<sequence minOccurs="0">
<element ref="gml:MultiPoint"/>
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</sequence>

<attributeGroup ref="gml:AssociationAttributeGroup"/>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

A property that has a collection of points as its value domain may either be an appropriate geometry
element encapsulated in an element of this type or an XLink reference to a remote geometry element
(where remote includes geometry elements located elsewhere in the same document). Either the
reference or the contained element shall be given, but neither both nor none.

<element name="multiPointProperty" type="gml:MultiPointPropertyType" />
This property element either references a point aggregate via the XLink-attributes or contains the
"mylti point” element. gm1-mnitipointProperty is the predefined property, which may be used by
GML application schemas whenever a GML feature has a property with a value that is subst|tutable for
gmlgMultiPoint.

11.8.3 1-Dimensional aggregates

11.8.3.1 MultiCurveType, multiCurve, curveMembers

complexType name="MultiCurveType">
<complexContent>
<extension base="gml:AbstractGeometricAggregateTyp&">
<sequence>
<element ref="gml:curveMember" minOccurgs<s%0" maxOccurs="unbounded| />
<element ref="gml:curveMembers" minOcguhs="0" />
</sequence>
</extension>
</complexContent>
/complexType>

element name="MultiCurve" type="gml:Mul&iCurveType"
EubstitutionGroup="gml:AbstractGeomethiChggregate" />

gnlkMulticurve implements ISO 19107 GM_MultiCurve (see ISO 19107:2003, 6.5.5) as specified in
D.2{3.5. A gm1:Multicurve is defined by one-or more gml:AbstractCurves.

The members of the geometric aggregate may be specified either using the "standard|' property
(gml:curveMember) or the array property (gml:curveMembers). It is also valid to use both the['standard"
and the array properties in the.same collection.

NOTE1 Array properties cannot reference remote geometry elements via XLinks.

element name="curveMembers" type="gml:CurveArrayPropertyType" />
Thip property elementContains a list of curves. The order of the elements is significant ahd shall be
preserved when ptocessing the array.

NOTE 2  gmd:¢iurveMember is declared in 10.5.11.1.

11.8.3,2 \MultiCurvePropertyType, multiCurveProperty

ol TS0 name="Mul+t1CuruaoDrongrtuTsizag™
T T T =TT

<sequence minOccurs="0">
<element ref="gml:MultiCurve"/>

</sequence>

<attributeGroup ref="gml:AssociationAttributeGroup"/>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>

A property that has a collection of curves as its value domain may either be an appropriate geometry
element encapsulated in an element of this type or an XLink reference to a remote geometry element
(where remote includes geometry elements located elsewhere in the same document). Either the

reference or the contained element shall be given, but neither both nor none.

<element name="multiCurveProperty" type="gml:MultiCurvePropertyType" />
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This property element either references a curve aggregate via the XLink-attributes or contains the
"multi curve" element. gml:multicCurveProperty is the predefined property, which may be used by
GML application schemas whenever a GML feature has a property with a value that is substitutable for
gml:MultiCurve.

11.3.4 2-Dimensional aggregates

11.3.4.1 MultiSurfaceType, MultiSurface, surfaceMember, surfaceMembers

<complexType name="MultiSurfaceType">

<cor

</c
</comp]

<elemef
substif

gml:Multi
D.2.3.5.A 4

The memH
[gml:surfa
"standard'

NOTE 4

<elemef
This prope
element. A

<elemeq
This prope
preserved

ot e
extension base="gml:AbstractGeometricAggregateType">
<sequence>

<element
<element
</sequence>
/extension>
mplexContent>
exType>

/>

ref="gml:surfaceMember" minOccurs="0" maxOccurs="unbounded"
ref="gml:surfaceMembers" minOccurs="0" />

[t name="MultiSurface" type="gml:MultiSurfaceType"
utionGroup="gml:AbstractGeometricAggregate™ />

urface implements ISO 19107 GM_MultiSurface (see ISO 191072003, 6.5.6) as specifie
ml:MultiSurface is defined by one or more gml:AbstractSurfaces.

ers of the geometric aggregate may be specified eithér using the "standard" prop
ceMember) or the array property (gml:surfaceMembérs). It is also valid to use both
and the array properties in the same collection.

\rray properties cannot reference remote geometry elements via XLinks.

it name="surfaceMember" type="gml:SurfiacePropertyType" />
rty element either references a surface via the XLink-attributes or contains the sur
surface element is any element, which is substitutable for gml :Abstractsurface.

Lt name="surfaceMembers" typeg="gml:SurfaceArrayPropertyType" />

Wwhen processing the array.

11.3.4.2 MultiSurfacePropertyType, multiSurfaceProperty

<compld
<se

</ s4
<atf
<atf
</comp]

A property

xType name="MultiSurfacePropertyType">

fuence minOccuxs="0">

element refs“gml:MultiSurface"/>

quence>

ributeGfoup ref="gml:AssociationAttributeGroup"/>
ributeGréup ref="gml:OwnershipAttributeGroup"/>
exType>

element en

1 in

Erty
the

face

rty element contains a list of surfaces. The order of the elements is significant and shall be

that.has a collectlon of surfaces as its value domam may e1ther be an appropriate geomg

(where remote includes geometry elements located elsewhere in the same document) Either the
reference or the contained element shall be given, but neither both nor none.

<element name="multiSurfaceProperty" type="gml:MultiSurfacePropertyType"

/>

This property element either references a surface aggregate via the XLink-attributes or contains the
"multi surface" element. gm1 :multisurfaceProperty is the predefined property, which may be used by
GML application schemas whenever a GML feature has a property with a value that is substitutable for
gml:MultiSurface.

84
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11.3.5 3-Dimensional aggregates

11.3.5.1 MultiSolidType, MultiSolid, solidMember, solidMembers

<complexType name="MultiSolidType">

<complexContent>
<extension base="gml:AbstractGeometricAggregateType">
<sequence>

<element ref="gml:solidMember" minOccurs="0" maxOccurs="unbounded" />

<element ref="gml:solidMembers" minOccurs="0" />
</sequence>
</extension>

gml
D.2,

Thd

(gnﬂ
and

NOT

Thi
soli

Thi
pre

11.

Ap
eler
(wh
refe

Thi

</complexContent>
/complexType>

element name="MultiSolid" type="gml:MultiSolidType"
bubstitutionGroup="gml:AbstractGeometricAggregate" />

LMultiSolid implements ISO 19107 GM_MultiSolid (see I1SO 19107:2003;,6)5.7) as s
3.5. A gml:Multisolid is defined by one or more gml:AbstractSolids.

members of the geometric aggregate may be specified either using the "standard
:solidMember) or the array property (gml:solidMembers). It is alsévalid to use both the
the array properties in the same collection.

E Array properties cannot reference remote geometry elements via XLinks.

element name="solidMember" type="gml:SolidPropertyType" />
5 property element either references a solid via the XLink-attributes or contains the solid|
d element is any element, which is substitutable forgni : AbstractSolid.

element name="solidMembers" type="gml:Soli1dArrayPropertyType" />
5 property element contains a list of solids>The order of the elements is significant a
served when processing the array.

B.5.2 MultiSolidPropertyType, multiSolidProperty

complexType name="MultiSolidPropertyType">

<sequence minOccurs="0%>

<element ref="gmlsMmltiSolid"/>

</sequence>

<attributeGroup re€="gml:AssociationAttributeGroup"/>

<attributeGrouplref="gml:OwnershipAttributeGroup"/>
/complexType>
Foperty that has-a collection of solids as its value domain may either be an appropriate
hent encapswlated in an element of this type or an XLink reference to a remote geomet
ere remote-includes geometry elements located elsewhere in the same document).

rence or‘the contained element shall be given, but neither both nor none.

elémént name="multiSolidProperty" type="gml:MultiSolidPropertyType" />
5 (property element either references a solid aggregate via the XLink-attributes or cq

pecified in

' property
'standard"”

element. A

nd shall be

b geometry
ry element
Either the

ntains the

"muttSolid etenent gnT Tmu I T IS0 I TdPToperty 1S UIE predetined property, Wit Tmay t
GML application schemas whenever a GML feature has a property with a value that is substitutable for

gml

12

12.

:MultiSolid.

GML schema — Coordinate reference systems schemas

1 Overview

12.1.1 General

e used by

This clause describes the GML schema components for encoding the definitions of coordinate reference
systems and coordinate operations, explaining their contents, structure, and dependencies.
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12.1.2 Relationship with ISO 19111

The schema components of the GML schema specified in this clause provide a conformant, full
implementation of the conceptual schema specified in ISO 19111:2007. The relationship is discussed in
detail in D.2.7. Additional components for temporal reference systems are specified in D.3.9.

The ISO 19111 types implemented in GML are specified in ISO 19111:2007; some additional constraints
are specified in ISO 19111:2007 for these types, which are also constraints on the schema components
of the GML schema.

NOTE

xsd, datum
the UML pa

12.1.3 Important XML elements

These XMI|
and Coord
data includ
semantics

The specifi

The corresponding five schema documents are referenceSystems.xsd, coordinateReferenceSystems.

X5d, COOrdINateSysStems.xsd, and coordinateUperations.xsd. 1 Nese schema doCUments 1mple
kage with a similar name in the conceptual model.

hent

Schema components encode definition data for both Coordinate Reference’Systems (CRSs)

nate Operations (including coordinate Transformations and Conversions). This defini
es identification and specification data, both included as needed. See IS0 19111:2007 fon
bf the schema components.

needed. (

Most of thdse top-level XML elements are GML objects that include identification information, allow
it to be refg¢renced. The alternative top-level XML elements include:

— Allco

These
that ty

— All co
elemelllt, namely:

Co
Ge
Pr
En
Im
Vel
Te
D¢

d XML encoding includes multiple alternative top-level XML elentents that can be used wt

Fion
the

jere

at is, there is not a single top-level element that may be the basis for all XML documents.)

crete XML elements in the substitution group headed by the abstract SingleCRS XML elerr:Ent.
e

elements may each be used to transfer the definition of one coordinate reference syst
pe. These eight concrete XML elements are nathed:

mpoundCRS;
odeticCRS;
pjectedCRS;
gineeringCRS;
ageCRS;
rticalCRS;
mporalCRS;
rivedCRS:

hcrete~XML elements that are substitutable for the abstract CoordinateOperation 3

fing

of

(ML

ConcatenatedOperation;

Pa

ssThroughOperation;

Transformation;

Conversion.

The concrete XML elements that are substitutable for SingleCRS use multiple lower-level XML elements
containing data structures. These lower-level elements include all five concrete elements that are
substitutable for the abstract Datum XML element, named:

— GeodeticDatum;
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— VerticalDatum;

— TemporalDatum;
— EngineeringDatum;
— ImageDatum.

These lower-level XML elements also include all ten concrete elements that are substitutable for the
abstract CoordinateSystem XML element, named:

— Fllipcnidzlfq'

— | VerticalCS;

— | CartesianCs;
— | AffineCS;

— |LinearCs;

— |PolarCS;

— | SphericalCs;

— | CylindricalCS;
— | TimeCS;

— |UserDefinedCS.

The concrete XML elements that are substitutable for the CoordinateOperation element ufe multiple
lowgr-level elements containing data structures, including the elements named:

— |OperationMethod;

— |OperationParameter;

— |OperationParameterGroup;
— |ParameterValue;

— |ParameterValueGrgup.
12.2 Reference-systems

12.2.1 Overview

The reference systems schema components have two logical parts, which define elements and types for

XM i £ P P o I £
L CllLUullls Ul UIIT UCTITIITITIUILIS Ul

— Identified Object, inherited by the ten types of GML object used for coordinate reference systems
and coordinate operations;

— High-level part of the definitions of coordinate reference systems.

This schema encodes the Identified Object and Reference System packages of the UML Model for
ISO 19111:2007.

NOTE The referenceSystems schema includes the dictionary.xsd GML schema document, and imports
the metadataEntitySet.xsd schema document from ISO/TS 19139. This schema document is identified by the
following location-independent name (using URN syntax):

— urn:ogc:specification:gml:schema-xsd:referenceSystems:3.2.1
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12.2.2 IdentifiedObjectType

<complexType name="IdentifiedObjectType" abstract="true">
<complexContent>
<extension base="gml:DefinitionType"/>
</complexContent>
</complexType>

gml:IdentifiedObjectType provides identification properties of a CRS-related object. In
gml:DefinitionType, the gml:identifier element shall be the primary name by which this object is
identified, encoding the "name" attribute in the UML model.

Zero or more of the gm1 : name elements can be an unordered set of "identifiers", encoding the "identifier"
attribute ip the UML model. Each of these gml:name elements can reference elsewhere the objdct's
defining information or be an identifier by which this object can be referenced.

Zero or mqre other gm1:name elements can be an unordered set of "alias" alternative names by chh
this CRS r¢lated object is identified, encoding the "alias" attributes in the UML model{An object ay
have severpl aliases, typically used in different contexts. The context for an alias is.indicated by|the
value of its| (optional) codeSpace attribute.

Any need€d version information shall be included in the codespace attribute’ of a gml:identifier
and gml:ndme elements. In this use, the gml:remarks element in the gml:DefifitionType shall confain
comments jon or information about this object, including data source inforthation.

12.2.3 Abstract coordinate reference system

12.2.3.1 AbstractCRS

<elemenpt name="AbstractCRS" type="gml:AbstractCRSType" abstract="true"
substifutionGroup="gml:Definition"/>

<complg¢xType name="AbstractCRSType" abstract="true">
<complexContent>
extension base="gml:IdentifiedQbjectType">
<sequence>
<element ref="gml:domain®fVvalidity" minOccurs="0" maxOccurs="unbounded" /}>
<element ref="gml:sgope" maxOccurs="unbounded"/>
</sequence>
/extension>
</c¢mplexContent>
</complexType>

gml:AbstrdctCRS specifies a ¢eordinate reference system which is usually single but may be compound.
This abstract complex typé-shall not be used, extended, or restricted, in a GML application schemg, to
define a copcrete subtypewith a meaning equivalent to a concrete subtype specified in this document.

12.2.3.2 domainQ@fValidity

<elemept fame="domainOfValidity">
<compdexType>
scquellCe MLINUCCULsS="U
<element ref="gmd:EX Extent"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
</element>
The gml:domainofvalidity property implements an association role to an EX_Extent object as encoded

in ISO/TS 19139, either referencing or containing the definition of that extent.

12.2.3.3 scope

<element name="scope" type="string"/>

The gml:scope property provides a description of the usage, or limitations of usage, for which this CRS-
related object is valid. If unknown, enter "not known".
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12.2.3.4 CRSPropertyType

<complexType name="CRSPropertyType">

<sequence minOccurs="0">
<element ref="gml:AbstractCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:CRSPropertyType iS a property type for association roles to a CRS abstract coordinate reference
system, either referencing or containing the definition of that CRS.

12.

Th

par
def
mu

Thd
ISO

NO'
xsd,)

location-independent name (using URN syntax):

12.

12.

onG
gml
and

12.

gml

.1 Overview

spatial-temporal coordinate reference systems schema components are divided into
s. One part defines elements and types for XML encoding of abstract coordinate referen|
nitions. The larger part defines specialized constructs for XML encading of definiti
tiple concrete types of spatial-temporal coordinate reference system.

se schema components encode the Coordinate Reference System packages of the UML
19111:2007, Clause 8, and D.3.9 of this document, with the exception of the abstract "SC |

E The coordinateReferenceSystems schema document ircludes the coordinateSystems.x|
and coordinateOperations.xsd GML schema documents. This‘schema document is identified by t

urn:ogc:specification:gml:schema-xsd:coordinateRefefénceSystems:3.2.1
B.2 Abstract coordinate reference systems

B.2.1 AbstractSingleCRS

element name="AbstractSingleCRS" type="gml:AbstractCRSType" abstract="true" {
boup="gml :AbstractCRS"/>

L AbstractSingleCRs implements a coordinate reference system consisting of one coordin
one datum (as opposed to-a‘Compound CRS).

B.2.2 SingleCRSPropertyType

complexType name="SingleCRSPropertyType">
<sequence {minOccurs="0">
<elentent ref="gml:AbstractSingleCRS"/>
</sequence>
<attriPuteGroup ref="gml:AssociationAttributeGroup"/>
/complexType>

L sihgleCRSPropertyType iS a property type for association roles to a single coordinat

Sys

em) either referencing or containing the definition of that coordinate reference system.

12.3.2.3 AbstractGeneralDerivedCRS

fwo logical
ce systems
ons of the

Models of
CRS" class.

sd, datums.
he following

ubstituti

ate system

b reference

<element name="AbstractGeneralDerivedCRS" type="gml:AbstractGeneralDerivedCRSType"
abstract="true" substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="AbstractGeneralDerivedCRSType" abstract="true">

<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<element ref="gml:conversion"/>
</sequence>
</extension>
</complexContent>

</complexType>
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gml:AbstractGeneralDerivedCRS is a coordinate reference system that is defined by its coordinate
conversion from another coordinate reference system. This abstract complex type shall not be used,
extended, or restricted, in a GML application schema, to define a concrete subtype with a meaning

equivalent

to a concrete subtype specified in this document.

12.3.2.4 Conversion

<element name="conversion" type="gml:GeneralConversionPropertyType"/>
gml:conversion is an association role to the coordinate conversion used to define the derived CRS.

12.3.3 Co
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component
gml:Aggre
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<se
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gml :Compot
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ICI th CUVUI diuatc ) | Cfl:l CIILT ayatcuna
ompoundCRS
bt name="CompoundCRS" type="gml:CompoundCRSType"

utionGroup="gml:AbstractCRS"/>

xType name="CompoundCRSType">
plexContent>
extension base="gml:AbstractCRSType">
<sequence>
<element ref="gml:componentReferenceSystem" minOcguxs="2"
maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGxoup™/>
/extension>
mplexContent>
exType>
dcrs is a coordinate reference system describingthe position of points through two or n
\t coordinate reference systems. It is associated with a non-repeating sequence of tw

Inces of SingleCRS.

omponentReferenceSystem

bt name="componentReferenceSystem" type="gml:SingleCRSPropertyType"/>

bmponentReferenceSystem elements are an ordered sequence of associations to all
coordinate reference systems included in this compound coordinate reference system.
ationAttributeGroup should be used to specify that the gml:componentReferencesSys
are ordered.

ompoundCRSPropeértyType

xType name£l2CémpoundCRSPropertyType'>

fuence minOecurs="0">

elementf nef="gml:CompoundCRS" />

quence>

ribu¥eGroup ref="gml:AssociationAttributeGroup"/>
exType>

ore
D OI

the
The

tem

12.3.3.4 GeodeticCRS

<element name="GeodeticCRS" type="gml:GeodeticCRSType"
substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="GeodeticCRSType">
<complexContent>
<extension base="gml:AbstractCRSType">

90

<sequence>
<choice>
<element ref="gml:ellipsoidalCS"/>
<element ref="gml:cartesianCS"/>

ate
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<element ref="gml:sphericalCs"/>
</choice>
<element ref="gml:geodeticDatum"/>
</sequence>
</extension>
</complexContent>

</complexType>

gml

:GeodeticCRS is a coordinate reference system based on a geodetic datum.

12.3.3.5 EllipsoidalCS

<element name="ellipsoidalCS" type="gml:EllipsoidalCSPropertyType"/>

gml

12.

gml

12.

12.

gml

12.

gml
refq

12,

ing

ellipsoidalcCs is an association role to the ellipsoidal coordinate system used by this-C

8.3.6 cartesianCS

element name="cartesianCS" type="gml:CartesianCSPropertyType"/>
L cartesianCs is an association role to the Cartesian coordinate system used-by this CRS

B.3.7 sphericalCS

element name="sphericalCS" type="gml:SphericalCSPropertyType"/>
L sphericalCs is an association role to the spherical coordinate §ystem used by this CRS.

8.3.8 geodeticDatum

element name="geodeticDatum" type="gml:GeodetiieDatumPropertyType" />
L geodeticDatum iS an association role to the geodetic datum used by this CRS.

B.3.9 GeodeticCRSPropertyType

complexType name="GeodeticCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:GeodetieCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>
L GeodeticCRSPropertyTypeniS a property type for association roles to a geodetic

rence system, either reférencing or containing the definition of that reference system.

8.3.10 VerticalCRS

element names!VerticalCRS" type="gml:VerticalCRSType" substitutionGroup="gml
|l ecCRS" />

complexXType name="VerticalCRSType">
<gemplexContent>
<extension base="gml:AbstractCRSType">
<sequence>

coordinate

AbstractsS

elellelll rel="dlllL.vVert1cdllLo
<element ref="gml:verticalDatum"/>
</sequence>
</extension>
</complexContent>

</complexType>
gml:VerticalCRrS is a 1D coordinate reference system used for recording heights or depths. Vertical
CRSs make use of the direction of gravity to define the concept of height or depth, but the relationship
with gravity may not be straightforward. By implication, ellipsoidal heights (h) cannot be captured in
a vertical coordinate reference system. Ellipsoidal heights cannot exist independently, but only as an
inseparable part of a 3D coordinate tuple defined in a geographic 3D coordinate reference system.
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12.3.3.11

verticalCS

<element name="verticalCS" type="gml:VerticalCSPropertyType"/>
gml:verticalCs is an association role to the vertical coordinate system used by this CRS.

12.3.3.12

verticalDatum

<element name="verticalDatum" type="gml:VerticalDatumPropertyType"/>
gml:verticalDatum is an association role to the vertical datum used by this CRS.

12.3.3.13

Vertical CRSPropertyType

<compld
<se

</s9

<atf
</comp]
gml:Verti
system, eit

12.3.3.14

<eleme]
substitut]

<complg
<coff

</c
</comp]

gml:Proje
a planar sy
controlled
to produce

12.3.3.15

<elemeq
gml :baseGq
projected

xType name="VerticalCRSPropertyType">

fuence minOccurs="0">

element ref="gml:VerticalCRS"/>

quence>

ributeGroup ref="gml:AssociationAttributeGroup"/>
exType>

alCRSPropertyType IS a property type for association roles to a vertical)caordinate refere
her referencing or containing the definition of that reference systems

ProjectedCRS

ht name="ProjectedCRS" type="gml:ProjectedCRSType"
onGroup="gml :AbstractGeneralDerivedCRS" />

xType name="ProjectedCRSType">
plexContent>
extension base="gml:AbstractGeneralDerivedeRSType">
<sequence>
<choice>
<element ref="gml:baseGeodeti€CRS" />
<element ref="gml:baseGeographicCRS"/>
</choice>
<element ref="gml:cartesigh&sS"/>
</sequence>
/extension>
mplexContent>

nce

exType>

tedcrs is a 2D coordinate reference system used to approximate the shape of the Eart
rface, but in such a way'that the distortion that is inherent to the approximation is care
and known. Distortion/correction is commonly applied to calculated bearings and dista
values that are a-close match to actual field values.

baseGeodeticCRS

Lt name="WaseGeodeticCRS" type="gml:GeodeticCRSPropertyType"/>
odet¥etRs is an association role to the geodetic coordinate reference system used by
RS.

on

Iy
ces

Lhis

12.3.3.16

ProjectedCRSPropertyType

<complexType name="ProjectedCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:ProjectedCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gml:ProjectedCRSPropertyType iS a property type for association roles to a projected coordinate
reference system, either referencing or containing the definition of that reference system.
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12.3.3.17 DerivedCRS

era

gml

<element name="DerivedCRS" type="gml:DerivedCRSType"
1DerivedCRS" />

<complexType name="DerivedCRSType">
<complexContent>
<extension base="gml:AbstractGeneralDerivedCRSType">
<sequence>
<element ref="gml:baseCRS"/>
<element ref="gml:derivedCRSType"/>
<element ref="gml:coordinateSystem"/>

cquence
T

substitutionGroup="gml:AbstractGen

</extension>
</complexContent>
/complexType>

L DerivedCRS is a single coordinate reference system that is defined by its coerdinate

from another single coordinate reference system known as the base CRS. The’base CR

pro
des

12.

gml

12.

ected coordinate reference system, if this DerivedCRS is used for a geonectified grid d
cribed in ISO 19123:2005, Clause 8.

8.3.18 baseCRS

element name="baseCRS" type="gml:SingleCRSPropertyTypel >
L baseCRsS is an association role to the coordinate reference syStem used by this derived C

8.3.19 derivedCRSType

element name="derivedCRSType" type="gml:CodéWithAuthorityType"/>

The gml:derivedcRsType property describes the type of a derived coordinate reference s

req
of a

12.

gml

12.

gml
coo

lired codespace attribute shall reference a soutee of information specifying the values an
[1 the allowed string values for this property:
8.3.20 coordinateSystem
element name="coordinateSystem" type="gml:CoordinateSystemPropertyType"/>
L usesCs is an association roleito the coordinate system used by this CRS.
8.3.21 DerivedCRSPropertyType

complexType name="DerivedCRSPropertyType">
<sequence minOccurs="0">
<element/ ref="gml:DerivedCRS"/>
</sequence>
<att¥ibhuteGroup ref="gml:AssociationAttributeGroup"/>
/ compdaxType>
L DeriVedCRSPropertyType iS a property type for association roles to a non-project

Fdinate reference system, either referencing or containing the definition of that referenc

conversion

5 can be a
overage as

RS.

ystem. The
I meanings

bd derived
p system.

12.3.3.22 EngineeringCRS

tra

©IS

<element name="EngineeringCRS" type="gml:EngineeringCRSType"
ctSingleCRS"/>

<complexType name="EngineeringCRSType">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<choice>
<element ref="gml:affineCS"/>
<element ref="gml:cartesianCsS"/>
<element ref="gml:cylindricalCS"/>
<element ref="gml:linearCS"/>
<element ref="gml:polarCs"/>
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substitutionGroup="gml:Abs

93


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

<element ref="gml:sphericalCs"/>
<element ref="gml:userDefinedCS"/>
<element ref="gml:coordinateSystem"/>
</choice>
<element ref="gml:engineeringDatum"/>
</sequence>

</extension>
</complexContent>
</complexType>
gml:EngineeringCRS is a contextually local coordinate reference system which can be divided into two

broad categories:

Earth

CRSs
ISO 19
12.3.3.23
<elemeq
gml:cylind
12.3.3.24

<elemey
gml:linear

12.3.3.25

<elemef

gml:polard

12.3.3.26

<eleme
gml:userD¢

12.3.3.27

<elemel
gml:engine
12.3.3.28

<compld
<se

</s4

3 | . Lods: 3 3 PRy £ £ £ £
TACTU D_yDLClllD CllJlJllel LU CIISAIICCI 1115 dAULIVILITS UIl UL TICTdATI UIU SUul'1dlT UT U1IC Lidrl U111,
on moving platforms such as road vehicles, vessels, aircraft, or spacecrafk,
111:2007, 8.3.
cylindricalCS
it name="cylindricalCS" type="gml:CylindricalCSPropertyType"/>
FicalCS is an association role to the cylindrical coordinate system uséd)by this CRS.
linearCS
it name="1linearCS" type="gml:LinearCSPropertyType" /¥
LS is an association role to the linear coordinate system tised by this CRS.
polarCS
Lt name="polarCS" type="gml:PolarCSPropertyType"/>
S is an association role to the polar coordinate' system used by this CRS.
userDefinedCS

it name="userDefinedCS" type=s"gml:UserDefinedCSPropertyType"/>
efinedCS is an association role tosthe user defined coordinate system used by this CRS.

engineeringDatum
Lt name="engineeriggBatum" type="gml:EngineeringDatumPropertyType"/>
eringDatum is an.association role to the engineering datum used by this CRS.
EngineeringCRSPropertyType
xType fane="EngineeringCRSPropertyType">
uenceSminOccurs="0">

elemertt ref="gml:EngineeringCRS"/>
gquence>

<at

ributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>
gml:EngineeringCRSPropertyType iS a property type for association roles to an engineering coordinate
reference system, either referencing or containing the definition of that reference system.

12.3.3.29

ImageCRS

see

<element name="ImageCRS" type="gml:ImageCRSType" substitutionGroup="gml:AbstractSingle

CRS"/>

<complexType name="ImageCRSType">
<complexContent>
<extension base="gml:AbstractCRSType">

94

<sequence>
<choice>
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<element ref="gml:cartesianCsS"/>
<element ref="gml:affineCS"/>
<element ref="gml:usesObliqueCartesianCS"/>

</choice>

<element ref="gml:imageDatum"/>

</sequence>
</extension>
</complexContent>
</complexType>

gml:ImageCRS is an engineering coordinate reference system applied to locations in images. Image
coordinate reference systems are treated as a separate subtype because the definition of the associated
image datum contains two attributes not relevant to other engineering datums.

12.

gml

12.

gml

12.

gml
Sys

12.

ing

gml

8.3.30 affineCS

element name="affineCS" type="gml:AffineCSPropertyType"/>
:affineCs is an association role to the affine coordinate system used by this ERS.

8.3.31 imageDatum

element name="imageDatum" type="gml:ImageDatumPropertyTypg'/>
L imageDatum iS an association role to the image datum used by this ERS.

8.3.32 ImageCRSPropertyType

complexType name="ImageCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:ImageCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>

L TmageCRSPropertyType iS a property typesfor association roles to an image coordinat
em, either referencing or containing the-definition of that reference system.

8.3.33 TemporalCRS

element name="TemporalCR$§" type="gml:TemporalCRSType" substitutionGroup="gml
| cCRS" />

complexType name="TemporalCRSType">
<complexContentp
<extension (basSe="gml:AbstractCRSType">
<sequegnge>
<Choice>
<element ref="gml:timeCS"/>
<element ref="gml:usesTemporalCS"/>
</choice>
<element ref="gml:temporalDatum"/>
</sequence>
</extension>
complexContent

b reference

Abstract$S

</complexType>
:TemporalCRS is a 1D coordinate reference system used for the recording of time.

12.3.3.34 timeCS

gml

<element name="timeCS" type="gml:TimeCSPropertyType"/>

:timeCs is an association role to the time coordinate system used by this CRS.

12.3.3.35 temporalDatum

gml

<element name="temporalDatum" type="gml:TemporalDatumPropertyType"/>

:temporalDatum iS an association role to the temporal datum used by this CRS.
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12.3.3.36 TemporalCRSPropertyType

<complexType name="TemporalCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:TemporalCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:TemporalCRSPropertyType iS a property type for association roles to a temporal coordinate
reference system, either referencing or containing the definition of that reference system.

12.4 Coordinate systems

12.4.1 Overview

The coordjnate systems schema components can be divided into three logical parts,“which define
elements apd types for XML encoding of the definitions of:

— coordipate system axes;
— abstraft coordinate system;
— multiple concrete types of spatial-temporal coordinate system.

These schefma components encode the Coordinate System packages.ofthe UML Models of ISO 19111:2p07,
Clause 9, apd D.3.9 of this document.

NOTE The coordinateSystems schema document includes the referenceSystems.xsd GML schema docunjent.
This schemi is identified by the following location-independent name (using URN syntax):

— urn:og¢:specification:gml:schema-xsd:coordinateSystems:3.2.1
12.4.2 Coprdinate system axes

12.4.2.1 (oordinateSystemAxis

<element name="CoordinateSysfiemAxis" type="gml:CoordinateSystemAxisType"
substifutionGroup="gml:Defiition"/>

<complé¢xType name="CoordiateSystemAxisType">
<corpplexContent>
extension bageé="gml:IdentifiedObjectType">
<sequencéz
<element ref="gml:axisAbbrev"/>
<g¢llement ref="gml:axisDirection"/>
Kelement ref="gml:minimumvValue" minOccurs="0"/>
Zelement ref="gml:maximumValue" minOccurs="0"/>
<element ref="gml:rangeMeaning" minOccurs="0"/>
sScguence
<attribute name="uom" type="gml:UomIdentifier" use="required"/>
</extension>
</complexContent>
</complexType>

gml:CoordinateSystemaxis is a definition of a coordinate system axis.

12.4.2.2 axisAbbrev

<element name="axisAbbrev" type="gml:CodeType"/>
gml:axisAbbrev is the abbreviation used for this coordinate system axis; this abbreviation is also used
to identify the coordinates in the coordinate tuple. The codeSpace attribute may reference a source of
more information on a set of standardized abbreviations, or on this abbreviation.

EXAMPLE Typical abbreviations are “X” and “Y”.
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12.4.2.3 axisDirection

<element name="axisDirection" type="gml:CodeWithAuthorityType”/>
gml:axisDirection is the direction of this coordinate system axis (or in the case of Cartesian projected
coordinates, the direction of this coordinate system axis at the origin).

non
’

EXAMPLE Typical directions can be "north" or "south", "east" or "west", "up" or "down".

Within any set of coordinate system axes, only one of each pair of terms may be used. For Earth-fixed
CRSs, this direction is often approximate and intended to provide a human interpretable meaning to
the axis. When a geodetic datum is used, the precise directions of the axes may therefore vary slightly
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gml
gml
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included. If this element is omitted when the gml :minimumvalue and/or gml :maximumvalue af

the
the

12.

The
valuie of this coordinate in a coordinate tuple shall be recorded using this unit of measure

tho

12.

E A gml:EngineeringCRS often requires specific descriptions of the directionscoflits

he allowed string values for this property.

1.2.4 minimumValue, maximumValue, rangeMeaning

element name="minimumValue" type="double"/>
element name="maximumValue" type="double"/>

gml:minimumvValue and gml:maximumvValue properties allow the specification of min
kimum value normally allowed for this axis, in the unit“ofumeasure for the axis. For a
ular axis such as longitude, the values wrap-around at this'value. Also, values beyond this

llowed for the gml :minimumvalue element, a value 6f plus infinity for the gml :maximumval
ese elements are omitted, the value is unspecified.

element name="rangeMeaning" type="gmlyCodeWithAuthorityType"/>
L rangeMeaning describes the meaning of*axis value range specified by gml:minimun
L maximumvalue. This element shall be, onritted when both gnl:minimumvalue and gml:ma
omitted. This element should be inclided when gml:minimumValue and/or gml :maximy

meaning is unspecified. The codespace attribute shall reference a source of information|
values and meanings of all the'allowed string values for this property.

1.2.5 uom

uom attribute provides an identifier of the unit of measure used for this coordinate syste

be coordinates use a coordinate reference system that uses a coordinate system that use

1.2.6_CoordinateSystemAxisPropertyType

c¢omplexType name="CoordinateSystemAxisPropertyType">

coordinate

codespace attribute shall reference a source of information specifying the values and npeanings of

imum and
continuous
minimum/

ximum can be used for specified purposes, such as ifka-bounding box. A value of minus inffinity shall

e element.

value and
kimumValue
mValue are
e included,
specifying

m axis. The
whenever
this axis.

PSR o= Qn

PE RV

1
<element ref="gml:CoordinateSystemAxis"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:CoordinateSystemAxisPropertyType iS a property type for association roles to a coordinate system
axis, either referencing or containing the definition of that axis.

12.4.3 Abstract coordinate system

12.4.3.1 AbstractCoordinateSystem

<element name="AbstractCoordinateSystem" type=
abstract="true" substitutionGroup="gml:Definition"/>
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exType name="AbstractCoordinateSystemType" abstract="true">

<complexContent>

</c
</comp

<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:axis" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
omplexContent>
lexType>

gml:AbstractCoordinateSystem is the non-repeating sequence of coordinate system axes that spans a

i I.Y\’Jfﬂ Shaco A (“C l.C I']DP‘I.‘YDI" Frnm acetf ﬂFm’Jfl’le’in{"J] Y'll]DC‘ FI'\P‘ CY\QFI‘F""Y\(T hf\‘n’ {‘nf\}‘f]i“
given coorginat ace A CSisderived fromasetofmathematical rules for ifying how rdinqtes
in a given|space are to be assigned to points. The coordinate values in a coordinate tuple shal|l be
recorded ip the order in which the coordinate system axes associations are recorded. This abstfact
complex tylpe shall not be used, extended, or restricted, in an Application Schema, to define'a.conctete
subtype w|th a meaning equivalent to a concrete subtype specified in this document.
12.4.3.2 3axis

<elemefpt name="axis" type="gml:CoordinateSystemAxisPropertyType"/>
The gn1:a3{is property is an association role (ordered sequence) to the coordinate system axes included
in this coofdinate system. The coordinate values in a coordinate tuple shall be recorded in the ofder
in which the coordinate system axes associations are recorded, whénever those coordinates uge a
coordinate| reference system that uses this coordinate system. The gmn1:aggregationAttributeGqoup
should be ysed to specify that the axis objects are ordered.
12.4.3.3 (oordinateSystemPropertyType
<compl¢xType name="CoordinateSystemPropertyTypel>
<sequence minOccurs="0">
element ref="gml:AbstractCoordinateSystem"/>
</sg¢quence>
<atfributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gml:Coord]nateSystemPropertyType iS a property type for association roles to a coordinate sysfem,
either referencing or containing the definition of that coordinate system.
12.4.4 Copcrete coordinate systems
12.4.4.1 BRllipsoidalCS
<element name="EllipsoidalCS" type="gml:EllipsoidalCSType" substitutionGroup="gml:Astr

actCoordinpateSystem"%&
<compl¢xType hame="EllipsoidalCSType">
<copplexEgntent>
exfension base="gml:AbstractCoordinateSystemType"/>
</corphexContent>

</comp__c Type

gml:EllipsoidalCs is a two- or three-dimensional coordinate system in which position is specified
by geodetic latitude, geodetic longitude, and (in the three-dimensional case) ellipsoidal height. An
EllipsoidalCS shall have two or three gml:axis property elements; the number of associations shall
equal the dimension of the CS.

12.4.4.2 EllipsoidalCSPropertyType

<complexType name="EllipsoidalCSPropertyType">
<sequence minOccurs="0">
<element ref="gml:EllipsoidalCS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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gml:EllipsoidalCSPropertyType iS a property type for association roles to an ellipsoidal coordinate
system, either referencing or containing the definition of that coordinate system.

12.4.4.3 CartesianCS

gml
asi

<element name="CartesianCS" type="gml:CartesianCSType"
substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="CartesianCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>
complexContent

/complexType>
L Cartesiancs is a 1-, 2-, or 3-dimensional coordinate system. In the 1-dimensional casg,
hgle straight coordinate axis. In the 2- and 3-dimensional cases gives the positiorn pf‘poi

to drthogonal straight axes. In the multi-dimensional case, all axes shall have the 'same len
megsure. A CartesianCS shall have one, two, or three gm1:axis property elements:

12.

gml

1.4.4 CartesianCSPropertyType

complexType name="CartesianCSPropertyType">
<sequence minOccurs="0">
<element ref="gml:CartesianCS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGrdup'"/>
/complexType>

L CartesianCSPropertyType is a property type for asso€iation roles to a Cartesian coordin

either referencing or containing the definition of that coordinate system.

12.

gml
Suc

1.4.5 VerticalCS

element name="VerticalCS" type="gmllerticalCSType"
EubstitutionGroup="gml:AbstractCoordinateSystem" />

complexType name="VerticalCSTyRe">
<complexContent>
<extension base="gml:AbStractCoordinateSystemType"/>
</complexContent>
/complexType>
L verticalcs is a one-difmensional coordinate system used to record the heights or depth

h a coordinate systemyis usually dependent on the Earth's gravitational field, perhaps

wheén atmospheric pressure is the basis for the vertical coordinate system axis. A VerticalCS§

one

12.

gml:axis propefty element.

1.4.6 VerticalCSPropertyType

compleXType name="VerticalCSPropertyType">
{s€quence minOccurs="0">
<element ref="gml:VerticalCS"/>

it contains
ts relative
gth unit of

hte system,

s of points.
loosely as
shall have

e
T

<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:VerticalCSPropertyType iS a property type for association roles to a vertical coordinate system,
either referencing or containing the definition of that coordinate system.

12.4.4.7 TimeCS

©IS

<element name="TimeCS" type="gml:TimeCSType"
substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="TimeCSType">

<complexContent>
<extension base="gml:AbstractCoordinateSystemType" />

02020 - All rights reserved
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</complexContent>
</complexType>

gml:TimeCs iS a one-dimensional coordinate system containing a time axis, used to describe the
temporal position of a point in the specified time units from a specified time origin. A TimeCS shall have

one gml:ax

is property element.

12.4.4.8 TimeCSPropertyType

<complexType name="TimeCSPropertyType">
<sequence minOccurs="0">
<element ref="gml:TimeCS"/>

</s

<atf

</comp]
gml:TimeC
referencin

12.4.4.9 1

<elemef
substif

<compld
<co

</c
</comp]

gml:Lineaj
axis descri
datumtot

EXAMPLE

NOTE
(LRS), parti
by this docy

12.4.4.10

<compld
<se

</ s4

<atf
</comp]
gml:Lineaf
referencin

12.4.4.11

Guen
ributeGroup ref="gml:AssociationAttributeGroup"/>
exType>

PropertyType iS a property type for association roles to a time coordinate system, eif
b or containing the definition of that coordinate system.

inearCS

t name="LinearCS" type="gml:LinearCSType"
utionGroup="gml:AbstractCoordinateSystem"/>

xType name="LinearCSType">

plexContent>

extension base="gml:AbstractCoordinateSystemType" /¥

mplexContent>

exType>

cs is a one-dimensional coordinate system that consists of the points that lie on the siJ
bed. The associated coordinate is the distance — with or without offset — from the speci
he point along the axis. A LinearCS shall have onegm1:axis property element.

Usage of the line feature representing a pipeline to describe points on or along that pipeline.
ml:LinearCs can only be used for simple/continuous linear systems. Linear Reference Syst

cularly as applied to the transportationiindustry, are specified in ISO 19133 and are not impleme
ment.

LinearCSPropertyType

xType name="LinearCSPrpopertyType">

fuence minOccurs="Q"%»

element ref="gmliLthearCsS"/>

quence>

ributeGroup g£ef+"gml:AssociationAttributeGroup"/>
exType>

CcsPropertyiype is a property type for association roles to a linear coordinate system, eif
r or containing the definition of that coordinate system.

UserDefinedCS

her

ngle
fied

ems
hted

her

<element name="UserDefinedCS" type="gml:UserDefinedCSType"
substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="UserDefinedCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSystemType" />
</complexContent>
</complexType>

gml:UserDefinedCs iSs a two- or three-dimensional coordinate system that

consists of

any

combination of coordinate axes not covered by any other coordinate system type. A UserDefinedCS
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shall have two or three gnl:axis property elements; the number of property elements shall equal
the dimension of the CS.

EXAMPLE A multilinear coordinate system which contains one coordinate axis that may have any 1D shape
which has no intersections with itself. This non-straight axis is supplemented by one or two straight axes to complete
a 2 or 3 dimensional coordinate system. The non-straight axis is typically incrementally straight or curved.

12.4.4.12 UserDefinedCSPropertyType

<complexType name="UserDefinedCSPropertyType">
<sequence minOccurs="0">

S e e
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>
gmlfUserDefinedCSPropertyType is a property type for association roles to a user*defined [coordinate

system, either referencing or containing the definition of that coordinate system(

12.4.4.13 SphericalCS

element name="SphericalCS" type="gml:SphericalCSType"
substitutionGroup="gml:AbstractCoordinateSystem"/>

complexType name="SphericalCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSysté&mType"/>
</complexContent>
/complexType>
gmlf Sphericalcs is a three-dimensional coordinate system with one distance measured fronp the origin

and two angular coordinates.

It should not be confused with an ellipsoidal;¢oordinate system based on an ellipsoid "degenerated"
intq a sphere.

A SphericalCS shall have three gm1:axigproperty elements.

12.4.4.14 SphericalCSPropertyType

complexType name="SphéricalCSPropertyType">
<sequence minOccursz"0">
<element ref#F™gml:SphericalCs"/>
</sequence>
<attributeGroluy ref="gml:AssociationAttributeGroup"/>
/complexTypes
gmlf Sphericalc§kropertyType iS property type for association roles to a spherical coordingte system,

either referencing or containing the definition of that coordinate system.

12.4.445 PolarCS

clement name="PolarCcg" #po:"(‘fm‘\ < PolarCSTs pa"

substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="PolarCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSystemType" />
</complexContent>
</complexType>
gml:PolarcCs is a two-dimensional coordinate system in which position is specified by the distance from
the origin and the angle between the line from the origin to a point and a reference direction. A PolarCS

shall have two gml:axis property elements.
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12.4.4.16

PolarCSPropertyType

<complexType name="PolarCSPropertyType">
<sequence minOccurs="0">
<element ref="gml:PolarCsS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gml:PolarCSPropertyType iS a property type for association roles to a polar coordinate system, either

referencing or containing the definition of that coordinate system.

12.4.4.17

CulindricalCS
Y HREF AT Y

<elemef
substif

<compld
<cor

</c
</comp]

gml:Cylin
extended 1
system. A

12.4.4.18

<compl{
<se

</ s4

<atf
</comp]
gml:Cylin
system, eit

12.4.4.19

<elemef
substif

<complg
<coff

</c
</comp]

gml:Affing
necessarily
property e

bt name="CylindricalCS" type="gml:CylindricalCSType"
utionGroup="gml:AbstractCoordinateSystem"/>

xType name="CylindricalCSType">

plexContent>

extension base="gml:AbstractCoordinateSystemType"/>
mplexContent>

exType>

ricalcs is a three-dimensional coordinate system consisting of azpelar coordinate sys

[ylindricalCS shall have three gm1:axis property elements.

CylindricalCSPropertyType

xType name="CylindricalCSPropertyType">

her referencing or containing the definition of that coordinate system.

AffineCS

bt name="AffineCS" type=Ygml:AffineCSType"

utionGroup="gml:AbstfactCoordinateSystem" />

xType name="AffineC3Type">

plexContent>

extension base="gml:AbstractCoordinateSystemType"/>
mplexContentX

exType>

cs is a<two- or three-dimensional coordinate system with straight axes that are
r orthogonal. An AffineCS shall have two or three gm1:axis property elements; the numbg
ements shall equal the dimension of the CS.

fem

y a straight coordinate axis perpendicular to the plane spanned by the polar coordimate

fuence minOccurs="0">

element ref="gml:CylindricalCS"/>

quence>

ributeGroup ref="gml:AssociationAttrib@teGroup"/>

exType>

ricalCSPropertyType iS a property type for association roles to a cylindrical coordimate

not
r of

12.4.4.20

AffineCSPropertyType

<complexType name="AffineCSPropertyType">
<sequence minOccurs="0">
<element ref="gml:AffineCS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gml:AffineCSPropertyType iS a property type for association roles to an affine coordinate system,

either referencing or containing the definition of that coordinate system.
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12.5 Datums

12.5.1 Overview

The datums schema components can be divided into three logical parts, which define elements and
types for XML encoding of the definitions of:

abstract datum;

geodetic datums, including ellipsoid and prime meridian;

Thd
and

NOT
iden

12.

12.

Ag
coo
loc3
onlj
rest
con

12.

multiple other concrete types of spatial or temporal datum.

se schema components encode the Datum packages of the UML Models of ISO 191112007
D.3.9 of this document.

E The datums schema document includes the referenceSystems.xsd GML{Ischema. This
tified by the following location-independent name (using URN syntax):

urn:ogc:specification:gml:schema-xsd:datums:3.2.1
5.2 Abstract datum

b.2.1 AbstractDatum

element name="AbstractDatum" type="gml:AbstractDatumType" abstract="true"
ubstitutionGroup="gml:Definition"/>

complexType name="AbstractDatumType" absthract="true">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:domadnOfValidity" minOccurs="0"/>
<element ref="gml:scdpe" maxOccurs="unbounded"/>
<element ref="gmlsané¢horDefinition" minOccurs="0"/>
<element ref="gml:realizationEpoch" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
/complexType>
hl:AbstractDatum SpECifies the relationship of a coordinate system to the Earth, thus
Fdinate reference system. A datum uses a parameter or set of parameters that detd
tion of the originof the coordinate reference system. Each datum subtype may be asso
I specific types.of coordinate system. This abstract complex type shall not be used, e>
ricted, in a5GML application schema, to define a concrete subtype with a meaning equ

crete subtype specified in this document.

b.2.2. 'anchorDefinition

Clause 10,

schema is

creating a
brmine the
riated with
tended, or
valent to a

<element name="anchorDefinition" type="gml:CodeType"/>
gml:anchorDefinition is a description, possibly including coordinates, of the definition used to anchor
the datum to the Earth, also known as the “origin”, especially for engineering and image datums. The
codeSpace attribute may be used to reference a source of more detailed on this point or surface, or on a
set of such descriptions.

©IS

For a geodetic datum, this point is also known as the fundamental point, which is traditionally the
point where the relationship between geoid and ellipsoid is defined. In some cases, the "fundamental
point" may consist of a number of points. In those cases, the parameters defining the geoid/ellipsoid
relationship have been averaged for these points, and the averages adopted as the datum definition.

For an engineering datum, the anchor definition may be a physical point, or it may be a
defined coordinates in another CRS.

02020 - All rights reserved
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— For an image datum, the anchor definition is usually either the centre of the image or the corner of
the image.

— For a temporal datum, this attribute is not defined. Instead of the anchor definition, a temporal
datum carries a separate time origin of type DateTime.

12.5.2.3 realizationEpoch

<element name="realizationEpoch" type="date"/>
gml:realizationEpoch iS the time after which this datum definition is valid. See ISO 19111:2007,
Table 33, for details.

12.5.2.4 DatumPropertyType

<compl¢xType name="DatumPropertyType">
<sedquence minOccurs="0">
element ref="gml:AbstractDatum"/>
</sg¢quence>
<atfributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gml:DatumPropertyType iS a property type for association roles to a dat@um, either referencing or

containing|the definition of that datum.
12.5.3 Gejpdetic datum

12.5.3.1 GeodeticDatum

<element name="GeodeticDatum" type="gml:GeodeticDatumType"
substifutionGroup="gml:AbstractDatum"/>

<compl¢xType name="GeodeticDatumType">
<corpplexContent>
extension base="gml:AbstractDatumType">
<sequence>
<element ref="gml:primeMeridian"/>
<element ref="gml:ellipsoid"/>
</sequence>
/extension>
</c¢mplexContent>
</complexType>
gml:GeodeticDatum is a geodetic.datum defines the precise location and orientation in 3-dimensi¢nal
space of a dlefined ellipsoid (or-sphere), or of a Cartesian coordinate system centred in this ellipsoid (or

sphere).

12.5.3.2 primeMeridian

<elemept nafe="primeMeridian" type="gml:PrimeMeridianPropertyType"/>
gml:primeNeridian is an association role to the prime meridian used by this geodetic datum.

12.5.3.3 ellipsoid

<element name="ellipsoid" type="gml:EllipsoidPropertyType"/>
gml:ellipsoid is an association role to the ellipsoid used by this geodetic datum.

12.5.3.4 GeodeticDatumPropertyType

<complexType name="GeodeticDatumPropertyType">
<sequence minOccurs="0">
<element ref="gml:GeodeticDatum"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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gml:GeodeticDatumPropertyType iS a property type for association roles to a geodetic datum, either
referencing or containing the definition of that datum.

12.

Agfl:Ellipsoidis a geometric figure that may be used to describe the approximate shape o
In mathematical terms, it is a surface formed by the rotation of an ellipse abeut.its minor axi

gml

MegsureType with the restriction that the unit of measure refereicéd by uom shall be su
length, such as metres or feet.

gml
defi
Inve
tha
cas

The
a sd
by 1

5.3.5 Ellipsoid, semiMajorAxis, secondDefiningParameter

<element name="Ellipsoid" type="gml:EllipsoidType" substitutionGroup="gml:Definition"/>

<complexType name="EllipsoidType">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
element ref="gml:semiMajorAxig"

<element ref="gml:secondDefiningParameter"/>
</sequence>
</extension>
</complexContent>
/complexType>

element name="semiMajorAxis" type="gml:MeasureType"/>
L semiMajorAxis specifies the length of the semi-major axis of the €Hipsoid, with its unit

element name="secondDefiningParameter">
<complexType>
<sequence>
<element ref="gml:SecondDefiningParameter"/>
</sequence>
</complexType>
/element>

element name="SecondDefiningParameter">
<complexType>
<choice>
<element name="inverseklattening" type="gml:MeasureType"/>
<element name="semiMinorAxis" type="gml:LengthType"/>
<element name="isSphere" type="boolean" default="true"/>
</choice>
</complexType>
/element>

f the Earth.
S.

s. Uses the
table for a

L secondDefiningPardmeter iS a property containing the definition of the second par

b, the semi<major axis "degenerates” into the radius of the sphere.

eter that

nes the shape of abrellipsoid. An ellipsoid requires two defining parameters: semi-maj¢r axis and
brse flattening of-sémi-major axis and semi-minor axis. When the reference body is a sphere rather
h an ellipsoids,only a single defining parameter is required, namely the radius of the sphgre; in that

gml:ifverseFlattening element contains the inverse flattening value of the ellipsoid. This value is
alefactor (or ratio). It uses gml:LengthType with the restriction that the unit of measurejreferenced
he-uom attribute shall be suitable for a scale factor, such as percent, permil, or parts-pertmillion.

The gml:semiMinoraxis element contains the length of the semi-minor axis of the ellipsoid. When the
gml:isSphere element is included, the ellipsoid is degenerate and is actually a sphere. The sphere is
completely defined by the semi-major axis, which is the radius of the sphere.

12.5.3.6 EllipsoidPropertyType

<complexType name="EllipsoidPropertyType">

<sequence minOccurs="0">
<element ref="gml:Ellipsoid"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>
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gml:EllipsoidPropertyType iS a property type for association roles to an ellipsoid, either referencing
or containing the definition of that ellipsoid.

12.5.3.7 PrimeMeridian, greenwichLongitude

<element name="PrimeMeridian" type="gml:PrimeMeridianType"
substitutionGroup="gml:Definition"/>

<complexType name="PrimeMeridianType">
<complexContent>
<extension base="gml:IdentifiedObjectType">
eguence
<element ref="gml:greenwichLongitude"/>
</sequence>
/extension>
</c¢mplexContent>
</complexType>

A gml:PrinfeMeridian defines the origin from which longitude values are determined. The default value
for the prifne meridian gml:identifier value is "Greenwich".

<elemept name="greenwichLongitude" type="gml:AngleType"/>
gml:greengichLongitude is the longitude of the prime meridian measufed” from the Greenwich
meridian, positive eastward. If the value of the prime meridian “name” is "Greenwich" then the valye of
greenwichl.ongitude shall be 0 degrees. The property uses gml :AngleType:

12.5.3.8 BrimeMeridianPropertyType

<compl¢xType name="PrimeMeridianPropertyType">
<seduence minOccurs="0">
element ref="gml:PrimeMeridian"/>
</s¢quence>
<atfributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gml:PrimeNeridianPropertyType iS a property type for association roles to a prime meridian, either
referencing or containing the definition of that'meridian.

12.5.4 Other concrete datums

12.5.4.1 BngineeringDatum

<elemenpt name="Engineeringbatum" type="gml:EngineeringDatumType"
substifutionGroup="gmlsAbstractDatum"/>

<complé¢xType name='EpngineeringDatumType">
<corpplexContentd
extensien\base="gml:AbstractDatumType" />
</complexCon¥ent>
</complexType>
gml:EnginderingDatum defines the origin of an engineering coordinate reference system, and is useld in
a region arjound that origin. This origin may be fixed with respect to the Earth (such as a defined ppint
at a construction site), or be a defined point on a moving vehicle (such as on a ship or satellite).

12.5.4.2 EngineeringDatumPropertyType

<complexType name="EngineeringDatumPropertyType">
<sequence minOccurs="0">
<element ref="gml:EngineeringDatum"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:EngineeringDatumPropertyType iS a property type for association roles to an engineering datum,
either referencing or containing the definition of that datum.
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12.5.4.3 ImageDatum

<element name="ImageDatum" type="gml:ImageDatumType"
substitutionGroup="gml:AbstractDatum"/>

<complexType name="ImageDatumType">
<complexContent>
<extension base="gml:AbstractDatumType">
<sequence>
<element ref="gml:pixelInCell"/>
</sequence>
</extension>
r‘mmrﬂa Content
/complexType>
gmlkImageDatum defines the origin of an image coordinate reference system, and is-used in a local
confext only. For an image datum, the anchor definition is usually either the centre dfjthe ithage or the

corper of the image. For more information, see ISO 19111:2007, B.3.5.

12.5.4.4 pixellnCell

element name="pixelInCell" type="gml:CodeWithAuthorityType"{’>
gmlfpixelInCell isa specification of the way an image grid is associatéd,with the image datalattributes.
The required codespace attribute shall reference a source of information specifying the palues and
megnings of all the allowed string values for this property.

12.5.4.5 ImageDatumPropertyType

complexType name="ImageDatumPropertyType'">
<sequence minOccurs="0">
<element ref="gml:ImageDatum"/>
</sequence>
<attributeGroup ref="gml:AssociatioddttributeGroup"/>
/complexType>
gmlf TmageDatumPropertyType iS a property type for association roles to an image datjum, either

refdrencing or containing the definition‘@fthat datum.

12.5.4.6 VerticalDatum

element name="VerticalDatum" type="gml:VerticalDatumType"
bubstitutionGroup="gnil 3AbstractDatum"/>

complexType name=lVerticalDatumType">
<complexConteht>
<extengion/ base="gml:AbstractDatumType" />
</complexContent>
/complexType>
gnmlkVertic&lDatumis a textual description and/or a set of parameters identifying a particulalr reference
levgl surface'used as a zero-height surface, including its position with respect to the Earth fof any of the

heighttypes recognized by this document.

12.5.4.7 VerticalDatumPropertyType

<complexType name="VerticalDatumPropertyType">
<sequence minOccurs="0">
<element ref="gml:VerticalDatum"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gml:VerticalDatumPropertyType iS property type for association roles to a vertical datum, either

referencing or containing the definition of that datum.

© IS0 2020 - All rights reserved 107


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

12.5.4.8 TemporalDatum, origin

<element name="TemporalDatum" type="gml:TemporalDatumType"
substitutionGroup="gml:AbstractDatum"/>

<complexType name="TemporalDatumType">
<complexContent>
<extension base="gml:TemporalDatumBaseType">
<sequence>
<element ref="gml:origin"/>
</sequence>
</extension>
</Cnmp7a Content

</complexType>

<complg¢xType name="TemporalDatumBaseType" abstract="true">
<corpplexContent>
restriction base="gml:AbstractDatumType">
<sequence>
<element ref="gml:metaDataProperty" minOccurs="0" maxOccurs=!tnbounded" />
<element ref="gml:description" minOccurs="0"/>
<element ref="gml:descriptionReference" minOccurs="0"/>
<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbgounded"/>
<element ref="gml:remarks" minOccurs="0"/>
<element ref="gml:domainOfValidity" minOccurs="0"/>
<element ref="gml:scope" maxOccurs="unboundedlA>
</sequence>
<attribute ref="gml:id" use="required"/>
/restriction>
</c¢mplexContent>
</complexType>

A gml:Tenporalpatum defines the origin of a Temporal-Reference System. This type omits |the
"anchorDefinition" and "realizationEpoch" elements*and adds the "origin" element with |the
dateTime flype.

The TempgralDatumBaseType partially definesithe origin of a temporal coordinate reference sysfem.
This type restricts the AbstractDatumType-to-remove the "anchorDefinition" and "realizationEpqch"
elements.

<elemeft name="origin" type="dateTime"/>
gml:origif is the date and time origin/of this temporal datum.

The metaDptaProperty element ‘hds been deprecated, and the gml:description element has been partially
deprecated.

12.5.4.9 TemporalDatumPropertyType

<compl¢xType hame="TemporalDatumPropertyType">
<seduence, minOccurs="0">

elénént ref="gml:TemporalDatum"/>

</s¢duence>

<at LibuucuLuuy Tef=Ygmt&sS upiauiuunuuLibuucuLuuy"

</complexType>
gml:TemporalDatumPropertyType iS a property type for association roles to a temporal datum, either
referencing or containing the definition of that datum.

12.6 Coordinate operations

12.6.1 Overview

The spatial or temporal coordinate operations schema components can be divided into five logical
parts, which define elements and types for XML encoding of the definitions of:

— Multiple abstract coordinate operations;
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Multiple concrete types of coordinate operation, including Transformations and Conversions;

Abstract and concrete parameter values and groups;
Operation methods;

Abstract and concrete operation parameters and groups.

These schema components encode the Coordinate Operation package of the UML Model for

ISO

NO

19111:2007, Clause 11.

E The coordinateOperations schema includes the coordinateQperationsxsd GMI, schem3

document.

This

12.

12.

gml
con,

(frdm CRS A to CRS B) also‘uniquely define the inverse operation (from CRS B to CRS A). In s

the
the
req

(somne) entirely different parameter values are needed, a different coordinate operation shall

Thd
thid

schema document is identified by the following location-independent name (using URN syntax);

urn:ogc:specification:gml:schema-xsd:coordinateOperations:3.2.1
b.2 Abstract coordinate operations

b.2.1 AbstractCoordinateOperation

element name="AbstractCoordinateOperation" type="gml:AbstkactCoordinateOperat
bbstract="true" substitutionGroup="gml:Definition"/>

complexType name="AbstractCoordinateOperationType" abstract="true">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:domainOfValidity¥™minOccurs="0"/>
<element ref="gml:scope" maxOccues="unbounded" />
<element ref="gml:operationVension" minOccurs="0"/>
<element ref="gml:coordinate@perationAccuracy" minOccurs="0"
maxOccurs="unbounded" />
<element ref="gml:sourceGRS" minOccurs="0"/>
<element ref="gml:targefCRS" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
/complexType>

verts coordinates to anotheér coordinate reference system. Many but not all coordinate
operation method algorithm for the inverse operation is the same as for the forward alg

signs of some operdtion parameter values shall be reversed. In other cases, different algc
lired for the forward and inverse operations, but the same operation parameter values

optionalgmi:coordinateoperationaccuracy property elements provide estimates of th
coordinate operation on point position accuracy.

ionType"

L AbstractCoordinateOperatien iS a mathematical operation on coordinates that trapsforms or

operations
ome cases,
brithm, but
rithms are
hre used. If
be defined.

e impact of

12.

h 272 nppraﬁnthrdnn

<element name="operationVersion" type="string"/>
gml:operationVersion is the version of the coordinate transformation (i.e., instantiation due to the
stochastic nature of the parameters). Mandatory when describing a transformation, and should not be
supplied for a conversion.

12.6.2.3 coordinateOperationAccuracy

<element name="coordinateOperationAccuracy">

©IS

<complexType>
<sequence minOccurs="0">
<element ref="gmd:AbstractDQ PositionalAccuracy"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
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</complexType>
</element>

gml:coordinateOperationAccuracy iS an association role to a DQ_PositionalAccuracy object as encoded
in ISO/TS 19139, either referencing or containing the definition of that positional accuracy. That object
contains an estimate of the impact of this coordinate operation on point positional accuracy. That is,
it gives position error estimates for the target coordinates of this coordinate operation, assuming no
errors in the source coordinates.

12.6.2.4 sourceCRS

<element name="sourceCRS" type="gml:CRSPropertyType"/>

gml:sourcq
operation.

12.6.2.5 t

<elemey
gml:targef
operation.

12.6.2.6 (

<complg
<se

</s9
<atf
</comp]

gml:Coord]
operation,

12.6.2.7 A

<eleme]
abstra

gml:Abstrd

12.6.2.8 §

<complg
<se

</ s9

<atf
</comp]
gml:Singld
referencin

argetCRS

it name="targetCRS" type="gml:CRSPropertyType"/>

oordinateOperationPropertyType

either referencing or containing the definitipniof that coordinate operation.

\bstractSingleOperation

Lt name="AbstractSingleOperation¥ type="gml:AbstractCoordinateOperationType"
t="true" substitutionGroup="gml:AbstractCoordinateOperation"/>

ctSingleOperation is a single (not concatenated) coordinate operation.

ingleOperationPropertyType

xType name="SingleO®perationPropertyType">
fuence minOccurs="0">
element ref=*gmd :AbstractSingleOperation"/>

quence>

ributeGropps ref="gml:AssociationAttributeGroup"/>

exTypeX

OperaktonPropertyType IS a property type for association roles to a single operation, eit

b orcontaining the definition of that single operation.

12.6.2.9 AbstractGeneralConversion

<element name="AbstractGeneralConversion" type="gml:AbstractGeneralConversionType"
abstract="true" substitutionGroup="gml:AbstractOperation"/>

<complexType name="AbstractGeneralConversionType" abstract="true">
<complexContent>
<restriction base="gml:AbstractCoordinateOperationType">

110

CRS 1s an association role to the source CRS (coordinate reference system) of this coordinate

Crs is an association role to the target CRS (coordinate reference systerh)yof this coordinate

xType name="CoordinateOperationPropertyType">

fuence minOccurs="0">

element ref="gml:AbstractCoordinateOperation"/>

quence>

ributeGroup ref="gml:AssociationAttributeGroupi/>

exType>

nateOperationPropertyType iS a property type for association roles to a coordinate

her

<sequence>
<element ref="gml:metaDataProperty" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:description" minOccurs="0"/>
<element ref="gml:descriptionReference" minOccurs="0"/>
<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:remarks" minOccurs="0"/>
<element ref="gml:domainOfValidity" minOccurs="0"/>
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<element ref="gml:scope" maxOccurs="unbounded"/>
<element ref="gml:coordinateOperationAccuracy" minOccurs="0"
maxOccurs="unbounded" />
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
</complexContent>

</complexType>
gm:AbstractGeneralConversion iS an abstract operation on coordinates that does not include any
change of datum. The best-known example of a coordinate conversion is a map projection. The
parameters describing coordinate conversions are defined rather than empirically derived. Note that
some conversions have no parameters. The gml:operationVersion, gml:sourceCRS, and gml:targetCRS

elethents are omitted in a coordinate conversion.

Thip abstract complex type is expected to be extended for well-known operation methods

Co

ersion instances, in GML application schemas that define operation-method-specializ

names and contents. This conversion uses an operation method, usually withcassociated
valyes. However, operation methods and parameter values are directly associated wit
subfypes, not with this abstract type. All concrete types derived from this type shall extend this type to
include a "usesMethod" element that references the "OperationMethod" element. Similarly, 411 concrete

typ

with many
bd element
parameter
h concrete

bs derived from this type shall extend this type to include zero or more’elements each narped "uses...

Valyie" that each use the type of an element substitutable for the, "AbstractGeneralParanjeterValue"

eler

The
dep

12.

gml
eith

12.

hent.

metaDataProperty element has been deprecated, and the-gml:description element has be
recated.

b.2.10 GeneralConversionPropertyType

complexType name="GeneralConversionProp&styType">
<sequence minOccurs="0">
<element ref="gml:AbstractGeneralConversion"/>
</sequence>
<attributeGroup ref="gml:AssodiationAttributeGroup"/>
/complexType>

L GeneralConversionPropertyTyhe)is a property type for association roles to a general
er referencing or containingthe definition of that conversion.

h.2.11 AbstractGeneralTransformation

element name="AWS{ractGeneralTransformation"
Fype="gml:AbstprastGeneralTransformationType" abstract="true"

bubstitutionGrewp="gml:AbstractOperation"/>

complexTypes name="AbstractGeneralTransformationType" abstract="true">
<comglexContent>
<xestriction base="gml:AbstractCoordinateOperationType">
<sequence>
<element ref="gml:metaDataProperty" minOccurs="0" maxOccurs="unbo

bn partially

fonversion,

nded" />

<element ref="gml:description" minOccurs="0"/>

<element ref="gml:descriptionReference" minOccurs="0"/>
<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:remarks" minOccurs="0"/>
<element ref="gml:domainOfValidity" minOccurs="0"/>
<element ref="gml:scope" maxOccurs="unbounded"/>
<element ref="gml:operationVersion"/>
<element ref="gml:coordinateOperationAccuracy" minOccurs="0"
maxOccurs="unbounded" />
<element ref="gml:sourceCRS"/>
<element ref="gml:targetCRS"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
</complexContent>

</complexType>
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gml:AbstractGeneralTransformation iS an abstract operation on coordinates that usually includes a
change of Datum. The parameters of a coordinate transformation are empirically derived from data
containing the coordinates of a series of points in both coordinate reference systems. This computational
process is usually "over-determined", allowing derivation of error (or accuracy) estimates for the
transformation. Also, the stochastic nature of the parameters may result in multiple (different) versions
of the same coordinate transformation. The gml:operationvVersion, gml:sourceCRS, and gml:targetCRS
property elements are mandatory in a coordinate transformation.

This abstract complex type is expected to be extended for well-known operation methods with many
Transformation instances, in Application Schemas that define operation-method-specialized value
element name ' ' i i i eter
values. Hofwever, operation methods and parameter values are directly associated with cofie

subtypes,
includea "
types deriy

ot with this abstract type. All concrete types derived from this type shall extend this typ
sesMethod" element that references one "OperationMethod" element. Similarly, dll.conc
fed from this type shall extend this type to include one or more elements each named "us

Value" tha
element.

[ each use the type of an element substitutable for the "AbstractGeneralBarameterVa

The metaD
deprecated

ataProperty element has been deprecated, and the gml:description element has been part

12.6.2.12 GeneralTransformationPropertyType

<compld
<se

xType name="GeneralTransformationPropertyType">
fuence minOccurs="0">

element ref="gml:AbstractGeneralTransformation')>
quence>

ributeGroup ref="gml:AssociationAttributeGtoup"/>
exType>

1TransformationPropertyType iS a property type for association roles to a gen
ition, either referencing or containing the-definition of that transformation.

</ s9

<atf
</comp]
gml:Gener bral

transformd

12.6.3 Copcrete coordinate operations
12.6.3.1 (oncatenatedOperation
<element name="ConcatenatedOperation" type="gml:ConcatenatedOperationType"
substifutionGroup="gml:AbstxactCoordinateOperation"/>
<complé¢xType name="CondeabenatedOperationType">
<corpplexContent>
extension base~"gml:AbstractCoordinateOperationType">
<sequencé&>
<elewent ref="gml:coordOperation" minOccurs="2" maxOccurs="unbounded"/>
</sequence>
<at®ributeGroup ref="gml:AggregationAttributeGroup"/>
/exXt&nsion>
</complexContent>
</comp Lestlwp

gml:ConcatenatedOperation iS an ordered sequence of two or more coordinate operations. This
sequence of operations is constrained by the requirement that the source coordinate reference system
of step (n+1) shall be the same as the target coordinate reference system of step (n). The source
coordinate reference system of the first step and the target coordinate reference system of the last step
are the source and target coordinate reference system associated with the concatenated operation.
Instead of a forward operation, an inverse operation may be used for one or more of the operation steps
mentioned above, if the inverse operation is uniquely defined by the forward operation.

The gml:coordoperation property elements are an ordered sequence of associations to the two or more
operations used by this concatenated operation. The gml:aAggregationAttributeGroup should be used
to specify that the gml:coordoperation associations are ordered.
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12.6.3.2 CoordOperation

<element name="coordOperation" type="gml:CoordinateOperationPropertyType"/>

gml:

coordOperation iS an association role to a coordinate operation.

12.6.3.3 ConcatenatedOperationPropertyType

<complexType name="ConcatenatedOperationPropertyType">

<sequence minOccurs="0">
<element ref="gml:ConcatenatedOperation"/>
</sequence>
attributeGronp ref="gml :AssociationAttribnteGronp"

/complexType>

gmlfConcatenatedOperationPropertyType IS a property type for association roles to-a|copcatenated

opefration, either referencing or containing the definition of that concatenated operation:

12.6.3.4 PassThroughOperation

gml
(o{0]0)

The
the
gml
are

12.

gml

12.

bubstitutionGroup="gml:AbstractSingleOperation"/>

element name="PassThroughOperation" type="gml:PassThroughOperationType"

complexType name="PassThroughOperationType">
<complexContent>
<extension base="gml:AbstractCoordinateOperationType">
<sequence>
<element ref="gml:modifiedCoordinate"{maxOccurs="unbounded"/>
<element ref="gml:coordOperation"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
/complexType>
L PassThroughOperation specifies that a_subset of a coordinate tuple is subject to

Fdinate operation.

gml:modifiedCoordinate propertycelements are an ordered sequence of positive intege
positions in a coordinate tupl€ of the coordinates affected by this pass-through ope
L AggregationAttributeGroug Should be used to specify that the gml :modifiedCoordinay]
ordered.

6.3.5 modifiedCoordinate

element name=/modifiedCoordinate”" type="positivelnteger"/>
tmodifiedCoo¥diffate is a positive integer defining a position in a coordinate tuple.

b.3.6 PassThroughOperationPropertyType

compexType name="PassThroughOperationPropertyType">
<sequence minOccurs="0">

a specific

s defining
ration. The
e elements

<element ref="gml:PassThroughOperation"/>

</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:PassThroughOperationPropertyType iS a property type for association roles to a pass through
operation, either referencing or containing the definition of that pass through operation.

12.

6.3.7 Conversion

<element name="Conversion" type="gml:ConversionType"
substitutionGroup="gml:AbstractGeneralConversion"/>

<complexType name="ConversionType">
<complexContent>
<extension base="gml:AbstractGeneralConversionType">
<sequence>

© IS0 2020 - All rights reserved

113


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

ref="gml :method" />
ref="gml :parametervValue" minOccurs="0" maxOccurs="unbounded" />

<element

<element

</sequence>
</extension>

</complexContent>

</complexType>

gml:Conversion iS a concrete operation on coordinates that does not include any change of Datum.

The best-known example of a coordinate conversion is a map projection. The parameters describing

coordinate conversions are defined rather than empirically derived. Note that some conversions have

no parameters.

This concrete complex type can be used without using a GML application schema that defines operation-

method-sp|
instance.

12.6.3.8 1

<elemeq
gml:metho

12.6.3.9

<elemeq
gml :paramg

used by a @

12.6.3.10

<complg
<se

</ s4
<atf
</comp]

gml:Convel
conversion

12.6.3.11

<elemef
substif

<complg
<cor

ecialized element names and contents, especially for methods with only one Conver

nethod

bt name="method" type="gml:OperationMethodPropertyType"/>
is an association role to the operation method used by a coordinate operation.

arameterValue

Lt name="parameterValue" type="gml:AbstractGeneralParamétierValuePropertyType"/
terValue is a composition association to a parameter valué or group of parameter va
oordinate operation.

ConversionPropertyType

xType name="ConversionPropertyType">

fuence minOccurs="0">

element ref="gml:Conversion"/>

quence>

ributeGroup ref="gml:AssociationAttributeGroup"/>
exType>

sionPropertyType is a propertytype for association roles to a concrete general-purf
either referencing or containing-the definition of that conversion.

Transformation

Lt name="Transformdtion" type="gml:TransformationType"
utionGroup="gml:@bStractGeneralTransformation"/>

xType name="ThahsformationType">
plexContent>
extensionbase="gml:AbstractGeneralTransformationType">
<sedqifence>
Kelement
<element
<fsequence>

ref="gml:method" />
ref="gml :parametervValue" minOccurs="0" maxOccurs="unbounded"/>

bion

ues

ose

eftension

</complexContent>
</complexType>

gml:Transformation is a concrete object element derived from gml:AbstractGeneralTransformation
(12.6.2.11).

This concrete object can be used for all operation methods, without using a GML application schema
that defines operation-method-specialized element names and contents, especially for methods with
only one Transformation instance.

The gml:parametervalue elements are an unordered list of composition associations to the set of
parameter values used by this conversion operation.
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12.6.3.12 TransformationPropertyType

<complexType name="TransformationPropertyType">
<sequence minOccurs="0">
<element ref="gml:Transformation"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:TransformationPropertyType iS a property type for association roles to a transformation, either
referencing or containing the definition of that transformation.

12.6-4—Parametervaluesandgroups——

12.6.4.1 AbstractGeneralParameterValue

element name="AbstractGeneralParameterValue"
Fvpe="gml:AbstractGeneralParameterValueType" abstract="true"
substitutionGroup="gml:AbstractObject"/>

complexType name="AbstractGeneralParameterValueType" abstract="true">
<sequence/>
/complexType>

gmlfAbstractGeneralParameterValue iS an abstract parameter value.or group of parameter palues.

Thig abstract complexType is expected to be extended amdyrestricted for well-known| operation
methods with many instances, in Application Schemas ‘that define operation-method-fpecialized
eletnent names and contents. Specific parameter value €lements are directly contained in concrete
subtypes, not in this abstract type. All concrete types derived from this type shall extendl this type
to ihclude one "..Value" element with an appropriate-type, which should be one of the element types
allowed in the ParameterValueType. In addition,.all"derived concrete types shall extend this type to
include a "operationParameter” property elemient that references one element substitutable for the
"OperationParameter” object element.

12.6.4.2 AbstractGeneralParameterValuePropertyType

complexType name="AbstractGeneralParameterValuePropertyType">
<sequence>
<element ref="gmlkmADstractGeneralParameterValue" />
</sequence>
/complexType>

gmlkAbstractGeneralParameterValuePropertyType iS a property type for inline association roles to a
parpmeter value or greup of parameter values, always containing the values.

12.6.4.3 ParameterValue

element Mame="ParameterValue" type="gml:ParameterValueType"
bubstibtutionGroup="gml:AbstractGeneralParametervValue" />
complexType name="ParameterValueType">
XcomplexContent>
<extension base="gml:AbstractGeneralParameterValueType">
<sequence>
<choice>
<element ref="gml:value"/>
<element ref="gml:dmsAngleValue"/>
<element ref="gml:stringValue"/>
<element ref="gml:integerValue"/>
<element ref="gml:booleanValue"/>
<element ref="gml:valueList"/>
<element ref="gml:integerValueList"/>
<element ref="gml:valueFile"/>
</choice>
<element ref="gml:operationParameter"/>
</sequence>
</extension>
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</complexContent>
</complexType>

gml:ParameterValue is a parameter value, an ordered sequence of values, or a reference to a file of
parameter values. This concrete complex type may be used for operation methods without using an
Application Schema that defines operation-method-specialized element names and contents, especially
for methods with only one instance. This complex type may be used, extended, or restricted for well-
known operation methods, especially for methods with many instances.

The dmsAngleValue element is deprecated.

12.6.4.4 value

<elemept name="value" type="gml:MeasureType"/>
gml:value [S a numeric value of an operation parameter, with its associated unit of measure.

12.6.4.5 stringValue

<elemept name="stringValue" type="string"/>
gml:stringvalue is a character string value of an operation parameter. A string value does not have an
associated|unit of measure.

12.6.4.6 ipntegerValue

<elemept name="integerValue" type="positivelnteger"/>
gml:integ¢rvalue is a positive integer value of an operation parameter, usually used for a count| An
integer valjie does not have an associated unit of measure.

12.6.4.7 hooleanValue

<elemept name="booleanValue" type="boolean"/x
gml:boolednvalue is a boolean value of an operation parameter. A Boolean value does not haveg an
associated|unit of measure.

12.6.4.8 valuelList

<elemept name="valueList" type&i¥gml:MeasureListType"/>
gml:valuelist is an ordered sequence of two or more numeric values of an operation parameter [list,
where each value has the same asseciated unit of measure. An element of this type contains a space-
separated $equence of doublevalues.

12.6.4.9 iptegerValueList

<elemept name=iftegerValuelist" type="gml:integerList"/>
gml:integervaluehiet is an ordered sequence of two or more integer values of an operation paramgter
list, usually usedfor counts. These integer values do not have an associated unit of measure. An elenfent
of this typ¢ econtains a space-separated sequence of integer values.

12.6.4.10 valueFile

<element name="valueFile" type="anyURI"/>
gml:valueFile is a reference to a file or a part of a file containing one or more parameter values, each
numeric value with its associated unit of measure. When referencing a part of a file, that file shall
contain multiple identified parts, such as an XML encoded document. Furthermore, the referenced file
or part of a file may reference another part of the same or different files, as allowed in XML documents.

12.6.4.11 operationParameter

<element name="operationParameter" type="gml:OperationParameterPropertyType"/>
gml:operationParameter iS an association role to the operation parameter of which this is a value.
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12.6.4.12 ParameterValueGroup

<element name="ParameterValueGroup" type="gml:ParameterValueGroupType"
substitutionGroup="gml:AbstractGeneralParameterValue"/>

<complexType name="ParameterValueGroupType">

<complexContent>
<extension base="gml:AbstractGeneralParameterValueType">
<sequence>

<element ref="gml:parameterValue" minOccurs="2" maxOccurs="unbounded"/>

<element ref="gml:group"/>

</sequence>
oxtension

gml
tha
con|
gro
Sch
may
onlj

The
par

12.

gml
par

12.

12.

</complexContent>
/complexType>

h once in a Conversion, Transformation, or higher-level ParameterValueGroup;.if thos

bma that defines operation-method-specialized element names and gontents. This co
' be used, extended, or restricted for well-known operation methods; especially for me
y one instance.

gml:parameterValue elements are an unordered set of composition association r¢
hmeter values and groups of values included in this group.

b.4.13 group

element name="group" type="gml:OperationParémeterGroupPropertyType"/>
L group IS an association role to the operation*parameter group for which this elemer
hmeter values.

b.5 Operation method

b.5.1 OperationMethod

element name="OperationMé&thod" type="gml:OperationMethodType"
EubstitutionGroup="gml y/Pefinition"/>

complexType name='"QpetationMethodType">
<complexContentx
<extensiom badse="gml:IdentifiedObjectType">
<sequeftice>
Schoice>
<element ref="gml:formulaCitation"/>
<element ref="gml:formula"/>
</choice>
<element ref="gml:sourceDimensions" minOccurs="0"/>
<element ref="gml:targetDimensions" minOccurs="0"/>

L ParameterValueGroup is a group of related parameter values. The same group canrbe-repgated more

instances

fain different values of one or more parameterValues which suitably distifiguish among those
ips. This concrete complex type can be used for operation methods without using an Application

plex type
thods with

les to the

It provides

<element ref="gml:parameter" minOccurs="0" maxOccurs="unbounded"/

STJUCTICS
</extension>
</complexContent>

</complexType>
gml:OperationMethod is a method (algorithm or procedure) used to perform a coordinate operation.
Most operation methods use a number of operation parameters, although some coordinate conversions

use

none. Each coordinate operation using the method assigns values to these parameters.

The gml1:parameter elements are an unordered list of associations to the set of operation parameters

and

parameter groups used by this operation method.

12.6.5.2 formula, formulaCitation

<element name="formula" type="gml:CodeType"/>
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gml: formula Formula(s) or procedure used by an operation method.

The use of the codespace attribute has been deprecated. The property value shall be a character string.

<element name="formulaCitation">
<complexType>
<sequence minOccurs="0">
<element ref="gmd:CI Citation"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
</element>

gml:formula ItTo g
an coordinpte operation method.

12.6.5.3 sourceDimensions

<elemefpt name="sourceDimensions" type="positivelnteger"/>
gml:sourcg¢Dimensions is the number of dimensions in the source CRS of this operation method.

12.6.5.4 tahrgetDimensions

<elemept name="targetDimensions" type="positiveInteger"/>
gml:targefDimensions is the number of dimensions in the target CRS of this operation method

12.6.5.5 parameter

<element name="parameter " type="gml:AbstractGeneralOperationParameterPropertyType"/
gml:param¢ter iS an association to an operation parameter Qr parameter group.

12.6.5.6 QperationMethodPropertyType

<complé¢xType name="OperationMethodPropertyType">
<sequence minOccurs="0">
element ref="gml:OperationMetirod" />
</sg¢quence>
<atfributeGroup ref="gml:AssqeciationAttributeGroup"/>
</complexType>
gml:OperationMethodPropertyType.'is)a property type for association roles to a concrete gendral-

purpose opjeration method, either referencing or containing the definition of that method.
12.6.6 Operation parameters and groups

12.6.6.1 (eneralOperationParameter

<elemenpt name=YAbstractGeneralOperationParameter" type="gml:AbstractGeneralOperationfPar
ameterTyp¢"
abstra¢t="true" substitutionGroup="gml:Definition"/>

<complexType name="AbstractGeneralOperationParameterType" abstract="true">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:minimumOccurs" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>
gml:GeneralOperationParameter is the abstract definition of a parameter or group of parameters used

by an operation method.

12.6.6.2 minimumOccurs

<element name="minimumOccurs" type="nonNegativeInteger"/>
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gml :minimumOccurs is the minimum number of times that values for this parameter group or parameter
are required. If this attribute is omitted, the minimum number shall be one.

12.6.6.3 AbstractGeneralOperationParameterPropertyType

<complexType name="AbstractGeneralOperationParameterPropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractGeneralOperationParameter"/>

</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
gl pRbstreetbeneratoperationbaraneterbropertyivpe—is—a—property—typeforasseciationyoles to an

opefration parameter or group, either referencing or containing the definition of that paramet¢r or group.

12.6.6.4 OperationParameter

element name="OperationParameter" type="gml:OperationParameterTyp&
substitutionGroup="gml:AbstractGeneralOperationParameter"/>

complexType name="OperationParameterType">
<complexContent>
<extension base="gml:AbstractGeneralOperationParameterType">
<sequence/>
</extension>
</complexContent>
/complexType>
gmllOperationParameter iS the definition of a parameter used by an operation method. Most
parpmeter values are numeric, but other types of pardmeter value are possible. This cofnplex type
is expected to be used or extended for all operatiofimethods, without defining operatign-method-

spefialized element names.

12.6.6.5 OperationParameterPropertyType

complexType name="OperationParameterPropertyType">
<sequence minOccurs="0">
<element ref="gml:OperatidoénParameter"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>
gmlkOperationParameterPropértyType iS a property type for association roles to an| operation

parpmeter, either referericing or containing the definition of that parameter.

12.6.6.6 OperatienParameterGroup

element mame="OperationParameterGroup" type="gml:OperationParameterGroupType'
bubstitutionGroup="gml:AbstractGeneralOperationParameter"/>

complexType name="OperationParameterGroupType">
<¢omplexContent>
<extension base="gml:AbstractGeneralOperationParameterType">
<sequence>
<element ref="gml:maximumOccurs" minOccurs="0"/>
<element ref="gml:parameter" minOccurs="2" maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>
gml:OperationParameterGroup is the definition of a group of parameters used by an operation method.
This complex type is expected to be used or extended for all applicable operation methods, without

defining operation-method-specialized element names.

The gml:parameter elements are an unordered list of associations to the set of operation parameters
that are members of this group.
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12.6.6.7 maximumOccurs

<element name="maximumOccurs" type="positiveInteger"/>
gml :maximumOccurs iS the maximum number of times that values for this parameter group may be
included. If this attribute is omitted, the maximum number shall be one.

12.6.6.8 OperationParameterPropertyType

<complexType name="OperationParameterGroupPropertyType">
<sequence minOccurs="0">
<element ref="gml:OperationParameterGroup"/>

</ sqerrer
<atf ;ibuteGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:OperafionParameterPropertyType iS a property type for association roles to an(pperation
parameter|group, either referencing or containing the definition of that parameter group.
13 GML $chema — Topology
13.1 General concepts
13.1.1 Overview
Topology i$ the branch of mathematics describing the properties.ofiobjects which are invariant urjder
continuouy deformation. For example, a circle is topologically equivalent to an ellipse because one|can
be transformed into the other by stretching. In geographic medelling, the foremost use of topology |s in
accelerating computational geometry. The constructs of tepology allow characterization of the spgtial
relationships between objects using simple combinatorial'or algebraic algorithms. Topology, realizefl by
the approgriate geometry, also allows a compact and\Unhambiguous mechanism for expressing shqred
geometry gmong geographic features.
NOTE1 The topology model of GML complies sith ISO 19107. The underlying concepts of the types|and
elements of|the GML topology model are discussed in this document in more detail.
This clausd describes the topology schema‘components as specified by GML.
NOTE2  The corresponding topolggy-schema document, topology.xsd (see Annex C), is identified by| the
following lofation-independent name (tusing URN syntax):
— urn:og¢:specification:gmlischéma-xsd:topology:3.2.1
There are four instantigble classes of primitive topology objects, one for each dimension up to 3I). In
addition, tgpology comiplexes are supported.
There is dgtrong_sSymmetry in the (topological boundary and coboundary) relationships between
topology primitives of adjacent dimensions. Topology primitives are bounded by directed primitjves

of one low¢r-dimension. The coboundary of each topology primitive is formed from directed topology

primitives

of one higher dimension.

13.1.2 Relationship with ISO 19107

The spatial topology components of the GML schema specified in this clause provide a conformant,
partial implementation of the ISO 19107 spatial schema (topology). The relationship is discussed in
detail in D.2.3.

The ISO 19107 topology types implemented in GML are specified in ISO 19107; some additional
constraints are specified in ISO 19107 for these types, which are also constraints on the spatial topology
components of the GML schema.

In addition, GML specifies complementary spatial topology schema components as described in D.3.10.
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13.2 Abstract topology

<complexType name="AbstractTopologyType" abstract="true">
<complexContent>
<extension base="gml:AbstractGMLType"/>
</complexContent>
</complexType>

<element name="AbstractTopology" type="gml:AbstractTopologyType" abstract="true"
substitutionGroup="gml:AbstractGML"/>

This abstract type supplies the root or base type for all topological elements including primitives and
complexes. It inherits AbstractGMLType and hence can be identified using the gm1:id attribute.

gmlkAbstractTopology implements ISO 19107 TP_Object (see D.2.4.2 and ISO 19107:2003;%.4.2).
13.3 Topological primitives
13.B.1 Abstract topological primitives

13.8.1.1 AbstractTopoPrimitive, AbstractTopoPrimtive

A

tomplexType name="AbstractTopoPrimitiveType" abstract="true">
<complexContent>
<extension base="gml:AbstractTopologyType">
<sequence/>
</extension>
</complexContent>
<fcomplexType>

A

Element name="AbstractTopoPrimitive" types"gml:AbstractTopoPrimitiveType"
absfract="true"
EubstitutionGroup="gml:AbstractTopology®/>

gmlkAbstractTopoPrimitive implements ISO 19107 TP_Primitive (see D.2.4.3 and ISO 19107:2003,
7.3.110). This abstract type acts as the base type for all topological primitives. Topological primitives are
thejatomic (smallest possible) units of atopology complex.

Each topological primitive may, contain references to other topology primitives of codimgnsion 2 or
more (gml:isolated, implemented in subtypes).

EXAMPLE Faces can contain isolated nodes and solids can contain isolated nodes and edges.

Conversely, nodes may-have faces as containers and nodes and edges may have solids as|containers
(gml:container, implemented in subtypes).

13.B.2 Topolagical primitives (0-dimensional)

13.8.2.1\\NodeType, Node

<pomplexType name="NodeType'>
<complexContent>
<extension base="gml:AbstractTopoPrimitiveType">
<sequence>
<element name="container" type="gml:FaceOrTopoSolidPropertyType" minOccurs="0"/>
<element ref="gml:directedEdge" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:pointProperty" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="Node" type="gml:NodeType" substitutionGroup="gml:AbstractTopoPrimitive"/>
gml:Node represents the 0-dimensional primitive and implements ISO 19107 TP_Node (see D.2.4.3 and
[SO 19107:2003, 7.3.12).
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The gml:container property element implements the role of the same name of the ISO 19107 “Isolated
In” association (see ISO 19107:2003, 7.3.10.4 and D.2.4.3).

<complexType name="FaceOrTopoSolidPropertyType">
<choice minOccurs="0">
<element ref="gml:Face"/>
<element ref="gml:TopoSolid"/>
</choice>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

The optional coboundary of a node (gml:directedEdge) is a sequence of directed edges which are
incident orf This node. Edges emanating from this node appear in the node coboundary with a negagive
orientatiorj.

In the caselof planar topology, the sequence of gm1 : directededges shall be clockwise to ensure'a lossless
topology r¢presentation.

If provided, the aggregationType attribute shall have the value “sequence”.

A node may optionally be realized by a 0-dimensional geometric primitive (gm1¢pointProperty).

13.3.2.2 DirectedNodePropertyType, directedNode
<elemept name="directedNode" type="gml:DirectedNodeProperfyIype"/>

<compl¢xType name="DirectedNodePropertyType">
<sequence minOccurs="0">
element ref="gml:Node"/>
</sg¢quence>
<atfribute name="orientation" type="gml:SignType" default="+"/>
<atfributeGroup ref="gml:AssociationAttribuyteGroup"/>
<atfributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

A gml:dirdgctedNode property element describesthe boundary of topology edges and is used in|the
support of| topological point features via the{gml:TopoPoint expression, see below. The orientation

attribute of type gml:signType expresses thessense in which the included node is used: start (“-”) orfend
(“+”) node.

13.3.3 Topological primitives (1-dimensional)

13.3.3.1 HdgeType, Edge

<complexType name="LEdgeType">
<compl}exContent>
<extension page="gml:AbstractTopoPrimitiveType">
<f$equenced>
<elemgnt name="container" type="gml:TopoSolidPropertyType" minOccurs="0"/>
<edement ref="gml:directedNode" minOccurs="2" maxOccurs="2"/>
dedement ref="gml:directedFace" minOccurs="0" maxOccurs="unbounded"/>
CTICMENT Ier="JmI:CUIVEPTOPEerty  Minouccurs="0
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="Edge" type="gml:EdgeType" substitutionGroup="gml:AbstractTopoPrimitive"/>
gml:Edge represents the 1-dimensional primitive and implements ISO 19107 TP_Edge (see D.2.4.3 and
IS0 19107:2003, 7.3.14).

The gml:container property element implements the role of the same name of the ISO 19107 “Isolated
In” association (see ISO 19107:2003, 7.3.10.4 and D.2.4.3).
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The topological boundary of an Edge (gml:directedNode) consists of a negatively directed start Node
and a positively directed end Node.

The optional coboundary of an edge (gml:directedFace) is a circular sequence of directed faces which
are incident on this edge in document order. In the 2D case, the orientation of the face on the left of the

n,n, nmon

edge is "+"; the orientation of the face on the right on its right is
If provided, the aggregationType attribute shall have the value “sequence”.

An edge may optionally be realized by a 1-dimensional geometric primitive (gml:curveProperty).

13.8.3.2 DirectedEdgePropertyType, directedEdge
element name="directedEdge" type="gml:DirectedEdgePropertyType"/>

complexType name="DirectedEdgePropertyType">

<sequence minOccurs="0">

<element ref="gml:Edge"/>

</sequence>

<attribute name="orientation" type="gml:SignType" default="+"/>

<attributeGroup ref="gml:AssociationAttributeGroup"/>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>
/complexType>
A gfl:directedEdge property element describes the boundary of-topology faces, the coBpundary of
topplogy nodes and is used in the support of topological line features via the gm1 : TopoCurve ¢xpression,
see|below. The orientation attribute of type gm1:signType ‘€kpresses the sense in which the included
edgg is used, i.e. forward or reverse.

13.8.4 Topological primitives (2-dimensional)

13.8.4.1 FaceType, Face

<fomplexType name="FaceType">
<complexContent>
<extension base="gml:Abstrac¢tTopoPrimitiveType">
<sequence>

<element name="isodated" type="gml:NodePropertyType" minOccurs="0"
maxOccurs="unboufded" />
<element ref="gml:directedEdge" maxOccurs="unbounded"/>
<element ref="gpnl:directedTopoSolid" minOccurs="0" maxOccurs="2"/>
<element ref=}gml:surfaceProperty" minOccurs="0"/>
</sequence>
<attributéGroup ref="gml:AggregationAttributeGroup"/>
<attribyte“name="universal" type="boolean" use="optional" default="false'l/>
</extensilon>
</complexCohtent>
<fcomplexType>

<plemedt name="Face" type="gml:FaceType" substitutionGroup="gml:AbstractTopoPrimitive"/>
gmlkEage represents the 2-dimensional topology primitive and implements ISO 19107 TP_Face (see
D.2 A Samd1S0-19107:2003,7-37167:

The gml:isclated property element implements the role of the same name of the ISO 19107 “Isolated
In” association (see ISO 19107:2003, 7.3.10.4 and D.2.4.3).

The topological boundary of a face (gml:directedEdge) consists of a sequence of directed edges. If
provided, the aggregationType attribute shall have the value “sequence”.

NOTE1  All edges associated with the face, including dangling edges, appear in the boundary. A dangling edge
has the same face on both sides. Consequently, a dangling edge has two different nodes in its boundary. A dangling
edge can share zero, one or two bounding nodes with other edges in the boundary of a face. Two directedEdge
elements with opposite orientations reference each dangling edge in the boundary of a face. The non-dangling
edges in the boundary of a face comprise one or more topological rings. Each such ring consists of directedEdges
connected in a cycle, and is oriented with the face on its left.
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The optional coboundary of a face (gml:directedToposolid) is a pair of directed solids which are
bounded by this face. A positively directed solid corresponds to a solid which lies in the direction of the
negatively directed normal to the face in any geometric realization.

A face may optionally be realized by a 2-dimensional geometric primitive (gm1:surfaceProperty).

If the topological representation exists an unbounded manifold (e.g. Euclidean plane), a gm1 : Face shall
indicate whether it is a universal face or not, to ensure a lossless topology representation. The optional
universal attribute of type boolean is used to indicate this.

NOTE 2  The universal face is normally not part of any feature, and is used to represent the unbounded portion
of the data petTtsimtertor boundary (it 1as 0 eXterior boundary) woutd oTaily be comnsiaered the extgrior
boundary of the map represented by the data set.
13.3.4.2 DirectedFacePropertyType, directedFace
<elemeft name="directedFace" type="gml:DirectedFacePropertyType"/>
<compl¢xType name="DirectedFacePropertyType">
<sequence minOccurs="0">
element ref="gml:Face"/>
</s¢quence>
<atfribute name="orientation" type="gml:SignType" default="+"/>
<atfributeGroup ref="gml:AssociationAttributeGroup"/>
<atfributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>
The gml:djrectedFace property element describes the boundary-of topology solids, in the coBoundary
of topology edges and is used in the support of surface features¥ia the gm1: Toposurface expression|see
below. Thelorientation attribute of type gm1:signType expresses the sense in which the included fage is
used i.e. invard or outward with respect to the surface normal in any geometric realization.
13.3.5 Topological primitives (3-dimensional)
13.3.5.1 TopoSolidType, TopoSolid
<complexType name="TopoSolidType">
<compl}exContent>
<extension base="gml:AbstyactTopoPrimitiveType">
<¢equence>
<element name="isodated" type="gml:NodeOrEdgePropertyType" minOccurs="0"
maxOccurs$"unbounded" />
<element ref="gmlJsdirectedFace" maxOccurs="unbounded"/>
<element refz="dgml:solidProperty" minOccurs="0"/>
<[sequence>
<gttributeGrolp ref="gml:AggregationAttributeGroup"/>
<gttributesfame="universal" type="boolean" use="optional" default="false"/>
</eftensign>
</complexContent>
</complgxT{pe>

<element name="Toposolid
imitive"/>
gml:TopoSolid represents the 3-dimensional topology primitive and implements ISO 19107 TP_Solid
(see D.2.4.3 and ISO 19107:2003, 7.3.18).

SUDSCLICUCIONGroup="9gml:ADSTractlopoPr

Type="gml:ToOpoSOl1laType

The gml:isclated property element implements the role of the same name of the ISO 19107 “Isolated
In” association (see ISO 19107:2003, 7.3.10.4 and D.2.4.3).

<complexType name="NodeOrEdgePropertyType">
<choice minOccurs="0">
<element ref="gml:Node"/>
<element ref="gml:Edge"/>
</choice>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
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<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>
The topological boundary of a solid (gml:directedFace) consists of a set of directed faces.

NOTE1  All faces associated with the solid, including dangling faces, appear in the boundary. A dangling face
has the same solid on both sides. Two directedFace elements with opposite orientations reference each dangling
face in the boundary of a topological solid.

A solid may optionally be realized by a 3-dimensional geometric primitive (gml:solidProperty).

A gml:Toposolid shall indicate whether it is a universal topo solid or not, to ensure a lossless topology
representation. The optional universal attribute of type boolean is used to indicate this and the default
is fglse.

NOTE 2  The universal topo solid is normally not part of any feature, and is used to represent theflunbounded
portion of the data set. Its interior boundary (it has no exterior boundary) would normally.be corsidered the
extgrior boundary of the data set.

13.8.5.2 DirectedTopoSolidPropertyType, directedTopoSolid
element name="directedTopoSolid" type="gml:DirectedTopoSolidPropertyType"/>

complexType name="DirectedTopoSolidPropertyType">

<sequence minOccurs="0">

<element ref="gml:TopoSolid"/>

</sequence>

<attribute name="orientation" type="gml:SignType" default="+"/>

<attributeGroup ref="gml:AssociationAttributeGroup"/>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>
/complexType>
Thegml:directedsolid property element describes the coBoundary of topology faces and isjused in the
support of volume features via the gml : TopoveImite expression, see below. The orientation gttribute of
type gml:signType expresses the sense in which the included solid appears in the face cobgundary. In

the[context of a gm1: Topovolume the orientdtion attribute has no meaning.
13.4 Topological collections
13.4.1 Topological collection(0-dimensional)

13.4.1.1 TopoPointType) TopoPoint

complexType name="TopoPointType">
<complexCéntent>
<extéwsion base="gml:AbstractTopologyType">
Jgequence>
<element ref="gml:directedNode"/>
</sequence>
</extension>
</complexContent>

bl T
o= Ty

<element name="TopoPoint" type="gml:TopoPointType"/>
The intended use of gml:TopoPoint is to appear within a point feature to express the structural and
possibly geometric relationships of this feature to other features via shared node definitions.

NOTE The orientation assigned to the gml :directedNode has no meaning in this context. It is preserved
for symmetry with the corresponding elements of other dimensions, see below.

13.4.1.2 TopoPointPropertyType, topoPointProperty

<complexType name="TopoPointPropertyType">
<sequence>
<element ref="gml:TopoPoint"/>
</sequence>
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<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="topoPointProperty" type="gml:TopoPointPropertyType"/>
The gml:topoPointProperty property element may be used in features to express their relationship to
the referenced topology node.

13.4.2 Topological collection (1-dimensional)

13.4.2.1 TopoCurveType, TopoCurve

<complg
<coff

</c
</comp]

<elemef
gml:TopoC
if realized
appear wit
other featu

If provided

13.4.2.2 ]

<compld
<se

</s9
<atf
</comp]

<elemef
The gml : td
the referen

xType name="TopoCurveType'">
plexContent>
extension base="gml:AbstractTopologyType">
<sequence>
<element ref="gml:directedEdge" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
/extension>
mplexContent>
exType>

Lt name="TopoCurve" type="gml:TopoCurveType"/>

are isomorphic to a geometric curve primitive. The intended use of gml:Topocurve i
hin a line feature to express the structural and geometric relationships of this featur
res via the shared edge definitions.

, the aggregationType attribute shall have the valué “sequence”.

opoCurvePropertyType, topoCurveProperty

xType name="TopoCurvePropertyType"»>

fluence>

element ref="gml:TopoCurve"/>

quence>

ributeGroup ref="gml:OwnershipAttributeGroup"/>
exType>

Lt name="topoCurveProperty" type="gml:TopoCurvePropertyType"/>
poCurveProperty Property element may be used in features to express their relationshi
ced topology edges:

rve represents a homogeneous topological expression, a sequénce of directed edges, which

5 to
P to

p to

13.4.3 Topological collection (2-dimensional)
13.4.3.1 TopoSurfageType, TopoSurface
<compl¢xTyp& name="TopoSurfaceType">
<conqplexContent>
fension base=lgmlAbotractTopotogyfppel
<sequence>
<element ref="gml:directedFace" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="TopoSurface" type="gml:TopoSurfaceType"/>
gml:TopoSurface represents a homogeneous topological expression, a set of directed faces, which if
realized are isomorphic to a geometric surface primitive. The intended use of gml:ToposSurface is to
appear within a surface feature to express the structural and possibly geometric relationships of this
surface feature to other features via the shared face definitions.
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13.4.3.2 TopoSurfacePropertyType, topoSurfaceProperty

<complexType name="TopoSurfacePropertyType">

<sequence>
<element ref="gml:TopoSurface"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="topoSurfaceProperty" type="gml:TopoSurfacePropertyType"/>
The gml:toposurfaceProperty property element may be used in features to express their relationship
to the referenced topology faces.

13.4.4 Topological collection (3-dimensional)

13.4.4.1 TopoVolumeType, TopoVolume

complexType name="TopoVolumeType">
<complexContent>
<extension base="gml:AbstractTopologyType">
<sequence>
<element ref="gml:directedTopoSolid" maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
/complexType>

element name="TopoVolume" type="gml:TopoVolumeType"/>
gml1} TopoVolume represents a homogeneous topological expression, a set of directed topolpgic solids,
whilch if realized are isomorphic to a geometric solid primitive. The intended use of gml:Topovolume
is tp appear within a solid feature to express the structural and geometric relationships df this solid
featlure to other features via the shared solid definitions.

NOTE The orientation assigned to tlie gml:directedsolid has no meaning in three dimensions. It is
pregerved for symmetry with the correspending elements of other dimensions, see above.

13.4.4.2 TopoVolumePropertyType, topoVolumeProperty

complexType name="TqgpgoVolumePropertyType">

<sequence>
<element ref=gml:TopoVolume"/>
</sequence>
<attributeGrotp ref="gml:OwnershipAttributeGroup"/>
/complexType>

elementy ™ name="topoVolumeProperty" type="gml:TopoVolumePropertyType"/>
The gml:tepsVolumeProperty element may be used in features to express their relationghip to the
refdgrencedtopology volume.

13.5 Topology complex

13.5.1 TopoComplexType, TopoComplex

<complexType name="TopoComplexType">
<complexContent>
<extension base="gml:AbstractTopologyType">
<sequence>
<element ref="gml:maximalComplex"/>
<element ref="gml:superComplex" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:subComplex" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:topoPrimitiveMember" minOccurs="0"
maxOccurs="unbounded" />
<element ref="gml:topoPrimitiveMembers" minOccurs="0"/>
</sequence>
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<attribute name="isMaximal" type="boolean" default="false"/>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="TopoComplex" type="gml:TopoComplexType" substitutionGroup="gml:AbstractTop
ology"/>

gml: TopoComplex is a collection of topological primitives and implements ISO 19107 TP_Complex (see
D.2.4.4 and ISO 19107:2003, 7.4.2).

Each complex holds a reference to its maximal complex (gml:maximalComplex) and optionally to sub- or
Super-COHlﬁexeSLgmi:subCompiex, gml:superComplex].

A topology|complex contains its primitive and sub-complex members.

NOTE The maximal complex is the complex which has no super-complex. There is one and only ene maxjmal
complex per topological manifold.

13.5.2 M4gximal, sub- and super-complexes

<elemept name="subComplex" type="gml:TopoComplexPropertyType"/>

<elemeft name="superComplex" type="gml:TopoComplexPropertyType'%/>

<elemeft name="maximalComplex" type="gml:TopoComplexPropertyType" />
The propgrty elements gml:subComplex, gml:superComplex and gid :maximalComplex provide an
encoding for relationships between topology complexes as described for gml : TopoComplex above.

13.5.3 topoPrimitiveMember
<elemeft name="topoPrimitiveMember" type="gml:TopOPrimitivePropertyType"/>

<compl¢xType name="TopoPrimitivePropertyTypel!¥
<sequence minOccurs="0">
element ref="gml:AbstractTopoPrimitive" />
</sg¢quence>
<atfributeGroup ref="gml:AssociatidpAttributeGroup"/>
<atfributeGroup ref="gml:Ownersi{ipAttributeGroup"/>
</complexType>
The gml:tppoPrimitiveMember property element encodes for the relationship between a topology

complex ar|d a single topology primitive.

13.5.4 topoPrimitiveMembers
<elemeft name="topoPrimitiveMembers" type="gml:TopoPrimitiveArrayAssociationType"/>

<compl¢xType names"TopoPrimitiveArrayAssociationType">
<sequence minOccurs="0" maxOccurs="unbounded">
elementsTef="gml :AbstractTopoPrimitive" />
</s¢quenge>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>
The gml:topoPrimitiveMembers property element encodes the relationship between a topology complex

and an arbitrary number of topology primitives.

NOTE Because the property value can be multiple topological primitives, the elements representing the
topology primitives are always encoded inline.

13.5.5 TopoComplexPropertyType, topoComplexProperty

<complexType name="TopoComplexPropertyType">
<sequence minOccurs="0">
<element ref="gml:TopoComplex" />
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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<element name="topoComplexProperty" type="gml:TopoComplexPropertyType"/>
The gnl:topoComplexProperty property element encodes the relationship between a GML object and a
topology complex.

EXA
obje

14

MPLE
cts referenced by members of the feature collection.

GML schema — Temporal information and dynamic features

This allows a feature collection to contain or reference a topology complex that contains topology

14.

14.
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tem
und
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tim
Tim
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EXA

Twq
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lang
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rep
spe
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NOT
URN

ur
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syn

ur

The

T-General concepts

.1 Overview

poral reference systems, and the temporal characteristics of geographic data.
erlying the representation constitutes a profile of the conceptual schema described in
underlying spatiotemporal model strives to accommodate both feature-level and atti
b stamping; basic support for tracking moving objects is also included:

e is measured on two types of scale: interval and ordinal. @n interval scale offers

isuring duration, an ordinal scale provides information only:dbout relative position in tiq
MPLE A stratigraphic sequence or the geological time scale are examples of ordinal scales.

other ISO standards are relevant to describing temporal objects: ISO 8601-1 describes

IEC 11404 provides a detailed description of time intervals as part of a general dij
ruage independent datatypes.

temporal schemas cover two interrélated topics and provide basic schema comp
Fesenting temporal instants and ‘periods, temporal topology, and reference syst
rialized schema components definés’components used for dynamic features. Instances ¢
metric types are used as values for the temporal properties of geographic features.

E The main temporal sechema document is identified by the following location-independent
[ syntax):

h:ogc:specification:gml:schema-xsd:temporal:3.2.1

temporal topolegy-schema document is identified by the following location-independent name
ax):

h:ogc:specification:gml:schema-xsd:temporalTopology:3.2.1

schéma document for temporal reference systems is identified by the following location-indeps

GML temporal schemas include components for describing temporal geometry and topology,
The model

[SO 19108.
ibute-level

h basis for
he.

encodings

time instants and time periods, as text strings with particular structure and puynctuation;

cussion of

onents for
bms; more
f temporal

hame (using

(using URN

ndent name

(usi

g YRN syntax):

urn:ogc:specification:gml:schema-xsd:temporalReferenceSystems:3.2.1

The dynamic feature schema document for representing time-varying properties of geographic features is
identified by the following location-independent name (using URN syntax):

ur

n:ogc:specification:gml:schema-xsd:dynamicFeature:3.2.1

All schema documents are listed in Annex C.
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14.1.2 Re

lationship with ISO 19108

The temporal geometry and topology components of the GML schema specified in this clause provide a
conformant, partial implementation of the ISO 19108 temporal schema. The relationship is discussed in
detail in D.2.5.

The ISO 19108 geometry and topology types implemented in GML are specified in ISO 19108; some
additional constraints are specified in ISO 19108 for these types, which are also constraints on the

temporal g

eometry and topology components of the GML schema.

In addition, GML specifies complementary temporal schema components as described in D.3.11.

14.2 Teanoral schema

14.2.1 Ab

14.2.1.1 A

gml:Abstr
acts as thd
follows:

<elemef
substif

A gml:Absf
model is dg

<complej
<comp]
<exft
</comj
</complq
NOTE ]
derived fro
description

14.2.1.2 A

gml:Abstr
5.2.3) and
is declared|

<element 1
abstract=

A gml:AbsH
content md

<complej

stract temporal objects

\bstractTimeObject

ctTimeObject implements ISO 19108 TM_Object (see D.2.5.2 and 1S0.19108:2002, 5.2.2)

Lt name="AbstractTimeObject" type="gml:AbstractTimeQbjectType" abstract="true"
utionGroup="gml:AbstractGML" />

ractTimeObject may be used in any position that algml:abstractcmy is valid. Its con

fined as follows:

Type name="AbstractTimeObjectType" abstradf="true">
exContent>

ension base="gml:AbstractGMLType"/>

lexContent>

xType>

'he content model of gml:AbstractTiméObject is a vacuous extension of AbstractGMLType. Ty
m this have the standard GML object\properties available: abstractMetadataProperty, descrip
Reference, name.

\bstractTimePrimitive

ctTimePrimitive implements ISO 19108 TM_Primitive (see D.2.5.2 and ISO 19108:2
hcts as the head of @substitution group for geometric and topological temporal primitive
as follows:

ame="AbstraCtTimePrimitive" type="gml:AbstractTimePrimitiveType"
true" suhstitutionGroup="gml:AbstractTimeObject"/>

delisdefined as follows:

tType name="AbstractTimePrimitiveType" abstract="true">

ractTimePrimitive may be used in any position that a gml:AbstractTimeobject is valid|

and

head of a substitution group for all temporal primitives and complexes. It is declared as

fent

rpes
ion,

02,
s. It

Its

<complexContent>
<extension base="gml:AbstractTimeObjectType">
<sequence>

<element name="relatedTime" type="gml:RelatedTimeType" minOccurs="0"
maxOccurs="unbounded"/>

</sequence>
</extension>
</complexContent>
</complexType>
This extends the model for generic temporal objects with properties indicating relationships between
this temporal primitive and other temporal primitives. The definition of gml:RelatedTimeType is
provided in 14.2.1.4.
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14.2.1.3 TimePrimitivePropertyType, validTime

gml:TimePrimitivePropertyType provides a standard content model for associations between an arbitrary
member of the substitution group whose head is gm1:2bstractTimePrimitive and another object:

<complexType name="TimePrimitivePropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractTimePrimitive"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

gmlkvalidTime 1S @ convenience property element declared as rollows:

element name="validTime" type="gml:TimePrimitivePropertyType"/>

14.2.1.4 RelatedTimeType

gmlkRelatedTimeType provides a content model for indicating the relative,position of am arbitrary
meinber of the substitution group whose head is gm1:abstractTimePrimitiye. It extends the generic
gmll TimePrimitivePropertyType With an XML attribute relativePosition, whose value [is selected
from the set of 13 temporal relationships identified by Allen (1983):

<fomplexType name="RelatedTimeType">
<complexContent>
<extension base="gml:TimePrimitivePropertyType">,
<attribute name="relativePosition">
<simpleType>
<restriction base="string">
<enumeration value="Before"/>
<enumeration value="After"/>
<enumeration value="Begins"/>
<enumeration value="Ends"/>
<enumeration value="During"/>
<enumeration value="Equalgs™/>
<enumeration value="Contains"/>
<enumeration value="Qwerlaps"/>
<enumeration valuealleets"/>
<enumeration value=!OverlappedBy"/>
<enumeration value="MetBy"/>
<enumeration_ srallue="BegunBy"/>
<enumeration value="EndedBy"/>
</restriction>
</simpleTyp€>
</attributeX
</extensiony
</complexContent>
<fcomplexTyp&r

14.2.1.5 AbstractTimeComplex

gmlfAbst¥actTimeComplex is a collection of temporal primitives and implements ISO 19108 TM_Complex
(se¢ D2:5.2 and ISO 19108:2002, 5.2.2) and acts as the head of a substitution group fof temporal

1 ) | 1 o | Lall
con PICATS. TULIS UTLIATTU 45 TUITUVWS.

<element name="AbstractTimeComplex" type="gml:AbstractTimeComplexType" abstract="true"
substitutionGroup="gml:AbstractTimeObject"/>

A gml:AbstractTimeComplex may be used in any position that a gml:AbstractTimeObject is valid. Its
content model is defined as follows:

<complexType name="AbstractTimeComplexType" abstract="true">
<complexContent>
<extension base="gml:AbstractTimeObjectType"/>
</complexContent>
</complexType>
NOTE1 This document only specifies a temporal topology complex. A temporal geometric complex is not
specified.
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NOTE 2  This document does not distinguish a temporal linear graph from a temporal non-linear graph.

14.2.2 Temporal geometry

14.2.2.1 General

Temporal geometry is described in terms of time instants, periods, positions and lengths.

14.2.2.2 AbstractTimeGeometricPrimitive

gml:TimeG¢ometricPrimitive 1mplements 150 1Y1U0s 1TM_GeometricPrimitive (see D.Z.5.4 End
ISO 19108:2002, 5.2.3) and acts as the head of a substitution group for geometric temporal primitiyves.
It is declarged as follows:

<element name="AbstractTimeGeometricPrimitive"
type="¢ml :AbstractTimeGeometricPrimitiveType" abstract="true"
substifutionGroup="gml:AbstractTimePrimitive" />
A gml:AbstfractTimeGeometricPrimitive may be usedinany positionthata gml:AbstfactTimePrimifive
is valid. Its|content model is defined as follows:

<complejxType name="AbstractTimeGeometricPrimitiveType" abstractz"true">
<compl}exContent>
<exfension base="gml:AbstractTimePrimitiveType">
<gttribute name="frame" type="anyURI" default="#ISO-€601"/>
</ejtension>
</complexContent>
</complgxType>
A temporal geometry shall be associated with a temporal reference system through the frame attriljute
that provides a URI reference that identifies a description ofthe reference system. Following ISO 19108,
the Gregorfan calendar with UTC is the default reference'system, but others may also be used.

The two geometric primitives in the temporal -dimension are the instant and the period. GML
components are defined to support these as follows:

14.2.2.3 Timelnstant

gml:TimeIpstant implements ISO 19108 TM_Instant (see D.2.5.2 and ISO 19108:2002, 5.2.3.2) and acts

as a zero-dimensional geometric primitive that represents an identifiable position in time. It is decldred
as follows:

<elemenpt name="TimeInstart" type="gml:TimelInstantType"
substifutionGroup="gmlJAbstractTimeGeometricPrimitive"/>

A gml:TimdInstant may)be used in any position that a gml:AbstractTimeGeometricPrimitive is valid.
Its content|model is defined as follows:

<complexType mame="TimeInstantType" final="#all">
<compl}exCoptent>
<exfension base="gml:AbstractTimeGeometricPrimitiveType ">
<¢egdence>
<element ref="gml:timePosition"/>
</sequence>
</extension>
</complexContent>
</complexType>

EXAMPLE In an instance document, a gml : TimeInstant contains a gml:timePosition as follows:

<gml:TimeInstant gml:id="t11">
<gml:description>Abby's birthday</gml:description>
<gml:timePosition>2001-05-23</gml:timePosition>
</gml:TimeInstant>
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14.2.2.4 TimelnstantPropertyType

gml:TimeInstantPropertyType iS a specialization of gml:TimePrimitivePropertyType that provides for
associating a gm1:TimeInstant with an object:

<complexType name="TimeInstantPropertyType">

<sequence minOccurs="0">
<element ref="gml:TimeInstant"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>

14

.2.2.5 TimePeriod

and acts as

gmlf TimePeriod implements ISO 19108 TM_Period (see D.2.5.2 and ISO 19108:2002, 5°2;3.3)
a one-dimensional geometric primitive that represents an identifiable extent in time. It is dleclared as
follpws:

element name="TimePeriod" type="gml:TimePeriodType"
EubstitutionGroup="gml:AbstractTimeGeometricPrimitive"/>

gnmlkTimePeriod may be used in any position that a gml:AbstractTimgGedmetricPrimitive fs valid. Its
confent model is defined as follows:
<pomplexType name="TimePeriodType">
<complexContent>
<extension base="gml:AbstractTimeGeometricPrimipiveType">
<sequence>
<choice>
<element name="beginPosition" type=}gml:TimePositionType"/>
<element name="begin" type="gml:TimeInstantPropertyType"/>
</choice>
<choice>
<element name="endPosition" type="gml:TimePositionType"/>
<element name="end" type="gml:TimeInstantPropertyType"/>
</choice>
<group ref="gml:timeLength™ minOccurs="0"/>
</sequence>
</extension>
</complexContent>
<fcomplexType>
Thelocation in time of a gml:'TimePeriod is described by the temporal positions of the instanjts at which
itbegins and ends. The length of the period is equal to the temporal distance between the twp bounding
temporal positions.
Both beginning and.érid may be described in terms of their direct position using gm1: TimePo$itionType
(seq 14.2.2.7) which is an XML Schema simple content type, or by reference to an identifiable time
insflant using geit: TimeInstantPropertyType (see 14.2.2.4).
EXAMPLE 1™ Within a gml:TimePeriod, a gml:Timelnstant may appear directly as the value of the begin and
endfas follows:
<jl“l-TJ‘_lll P J_JI_UL]. \jllll.J‘_\A]_"th L
<gml:begin>
<gml:TimeInstant gml:id="t11">
<gml:timePosition>2001-05-23</gml:timePosition>
</gml:TimeInstant>
</gml:begin>
<gml:end>
<gml:TimeInstant gml:id="t1l2">
<gml:timePosition>2001-06-23</gml:timePosition>
</gml:TimeInstant>
</gml:end>
</gml:TimePeriod>
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Alternatively a limit of a gml:TimePeriod may use the conventional GML property model to make a
reference to a time instant described elsewhere, or a limit may be indicated as a direct position.

EXAMPLE 2
property:

The following mixed example shows both of these, as well as including the optional gm1 :duration

<gml:TimePeriod gml:id="p22">
<gml:begin xlink:href="#tl11l"/>
<gml:endPosition>2002-05-23</gml:endPosition>
<gml:duration>P1Y</gml:duration>
</gml:TimePeriod>

14.2.2.6

-

imePeriodPronertvTvne
| PARIE o

gml: TimePq
associating

<complg
<se

</ s9
<atf
<atf
</comp]

14.2.2.7 ]

The meth¢d for identifying a temporal position is specific to‘«each temporal reference syst

gml:TimeP
described {

Values bas
XML Schen
UNIX time

In commorn
Standards,
gml:TimeP
are descril

<complej
<simp]
<exft

<4

<C

<

</es
</simy
</compld

Three XMIj

A time val

riodPropertyType iS a specialization of gml:TimePrimitivePropertyType that provides
agml:TimePeriod with an object:

xType name="TimePeriodPropertyType">

fuence minOccurs="0">

element ref="gml:TimePeriod"/>

quence>

ributeGroup ref="gml:AssociationAttributeGroup"/>
ributeGroup ref="gml:OwnershipAttributeGroup"/>
exType>

imePositionType, timePosition

sitionType supports the description of temporal position in accordance with the subty
n ISO 19108. It implements ISO 19108 TM_Position (see D.2.5.5 and ISO 19108:2002, 5.4.

bd on calendars and clocks use lexical formats.that are based on ISO 8601-1, as describe
ha Part 2:2001. A decimal value may be used-with coordinate systems such as GPS tim
A URI may be used to provide a reference.to some era in an ordinal reference system3).

with many of the components modelled-as data types in the ISO 19100 series of Internati
the corresponding GML compenent has simple content. However, the content m
sitionType is defined in several steps (the details of the mapping to ISO 19108 TM_Posi
ed in D.2.5.5):

tType name="TimePositionType" final="#all">

eContent>

ension base="gml:TiméPositionUnion">

ttribute name="fleame" type="anyURI" default="#IS0-8601"/>

ttribute names"€alendarEraName" type="string" />

ttribute namé®™indeterminatePosition" type="gml:TimeIndeterminateValueType" /
Ftension>

leContent®

xType>

attributes appear on gml : TimePositionType:

for

pes
D).

d in
b Or

nal
del
Fion

that

16-shall be associated with a temporal reference system through the frame attribute

provides a

URI reference that identifies a description of the reference system. Following 150 1910c,

the

Gregorian calendar with UTC is the default reference system, but others may also be used. Components
for describing temporal reference systems are described in 14.4, but it is not required that the reference
system be described in this manner, as the reference may refer to any resource that may be identified
with a URIL.

For time values using a calendar containing more than one era, the (optional) calendarEraName attribute
provides the name of the calendar era.

Inexact temporal positions may be expressed using the optional indeterminatePosition attribute.

This takes

a value from an enumeration defined as follows:

3) egage

134

ological epoch.
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<simpleType name="TimeIndeterminateValueType">
<restriction base="string">
<enumeration value="after"/>
<enumeration value="before"/>
<enumeration value="now"/>
<enumeration value="unknown"/>
</restriction>
</simpleType>
These values are interpreted as follows:

— “unknown” indicates that no specific value for temporal position is provided;

Umaxar” 3 dicatoc that tbha cnacifind vzaliia chall bha ranlacad il tha ot {—f\vv\v\l\wr)l OSition
rRow —idicates—thatthespectted—valae—shall bereplacedwith-the—eurrenttemporpl p

whenever the value is accessed;

— |“before” indicates that the actual temporal position is unknown, but it is knowh|to be|before the
specified value;

— |“after” indicates that the actual temporal position is unknown, but it_is Known to bg after the
specified value.

A vilue for indeterminatePosition may
— |be used either alone, or
— |qualify a specific value for temporal position®.

The simple type gml:TimePositionUnion is a union of XMLSchema simple types which instpntiate the
subfypes for temporal position described in ISO 19108.

<sippleType name="TimePositionUnion">

<union memberTypes="gml:CalDate time dafeTime anyURI decimal"/>
<fsimpleType>

An prdinal era may be referenced via URI. A decimal value may be used to indicate the disfance from
thelscale origin®). time is used for a positionthat recurs daily (see ISO 19108:2002 5.4.4.2).

Finally, calendar and clock forms that'support the representation of time in systems basefl on years,
months, days, hours, minutes and seconds, in a notation following ISO 8601-1, are assembled|as follows:

A

simpleType name="CalDatel>

<union memberTypes="{date gYearMonth gYear"/>
<fsimpleType>

NOTE1 The XML Schema simpleType dateTime does not permit right-truncation, except for [fractions of
secqnds, which is why-date, gvear and gYearMonth are required.

NOTE 2 FollowingZ1SO 19108, when used with non-Gregorian calendars based on years, months, days, use the
samfe lexical representation. Following XML Schema Part 2, add leading zeros, if the year value would otherwise
have fewer tliap four digits.

Thg elemént gml: timePosition is declared as follows:

I i e n s N 1 R e Y n (A o
TeHeTTT ot TTICT TTTOTT TY O ST e TTTOTTI YO

This element is used directly as a property of gml:TimeInstant (see 14.2.2.3), and may also be used in
application schemas.

EXAMPLE The following examples illustrate how gml:timePosition or other elements of this type may
appear in a data instance:

<gml:timePosition>2002-11-25T13:20:20Z</gml:timePosition>
<gml:timePosition indeterminatePosition="after">1994</gml:timePosition>

<gml:timePosition indeterminatePosition="now">1994-07-10</gml:timePosition>

4) e.g. before 2002-12, after 1019624400.
5) e.g. UNIX time, GPS calendar.
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<gml:timePosition frame="http://my.big.org/TRS/GPS”>25876321.01</gml:timePosition>

<gml:timePosition frame="http://my.big.org/TRS/archaeology"> http://my.history.org/eras/
bronzeAge</gml:timePosition>

<gml:timePosition frame="http://my.big.org/TRS/calendars/japanese” calendarEraName="Me

1§i">0025-

03</gml:timePosition>

14.2.2.8 timeLength, duration, timelnterval, TimeUnitType

The length of a time period is described using the group gml:timeLength, which is declared in the

schema as

ollows:

<group
<ch

</ch
</grouy
Its content

<elemef
gml:durat]
Schema du
which is b4

<elemef

<compld
<sif

</s]
</comp]

ISO/IEC 11
and factor.

EXAMPLE 1

The value ¢f the unit is either selécted from the units for time intervals from ISO 80000-3, or is anof

suitable un

<simple]
<uniof
<sif

<3

name="timeLength">

ice>

element ref="gml:duration"/>
element ref="gml:timelInterval"/>
hoice>

>

model is a choice of two property elements:

it name="duration" type="duration"/>
on conforms to the ISO 8601-1 syntax for temporal length as\implemented by the }
ration type. The other alternative is gml:timeInterval which~¢onforms to ISO/IEC 11
sed on floating point values for temporal length.

Lt name="timeInterval" type="gml:TimeIntervallengtdType"/>

xType name="TimeIntervallengthType" final="#all}">

pleContent>

extension base="decimal">
<attribute name="unit" type="gml:TimeUnitType" use="required"/>
<attribute name="radix" type="positifeInteger"/>
<attribute name="factor" type="integer"/>

/extension>

mpleContent>

exType>

104 syntax specifies the use of a positivelnteger together with appropriate values for r:
The resolution of the time interyal is to one radix *(-factor) of the specified time unit.

unit="second", radix="10")factor="3" specifies a resolution of milliseconds

it. The encoding is‘defined for GML in gm1: TimeUnitType:

ype name="TimelUnitType">

>

pleType>

estrictioh base="string">
<enumeration value="year"/>
<edunferation value="month"/>
<enumeration value="day"/>

(ML
104

hdix

her

bl Ul n
Ezacac =

L
oo

<enumeration
<enumeration

value="minute"/>
value="second"/>

</restriction>
</simpleType>
<simpleType>

<restriction base="string">

<pattern value="other:\w{2,}"/>

</restriction>
</simpleType>
</union>
</simpleType>
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The second component of this union type provides a method for indicating time units other than the six
standard units given in the enumeration.

EXAMPLE 2

acceptable:

<duration>P5DT14H30M</duration>

<timelInterval unit=

<timeInterval unit=“other:week”

14.

14.

“hour” radix=“10” factor=“0”>134.5</timelInterval>

radix="10"” factor=“0”> 0.800595</timelInterval>

rcchamn

To express a period length of 5 days, 14 hours and 30 minutes, any of the following instances are

3-Temporal-tepelesy

JCTITCTITOr

8.1 General

Tenpporal topology is described in terms of time complexes, nodes, and edges;.and the c¢nnectivity

bet
use
eco

veen these. Temporal topology does not directly provide information about’temporal pq
H in the case of describing a lineage or a history (e.g. a family tree expressing evolution of
ogical cycle, a lineage of lands or buildings, or a history of separation and merger of adn

boundaries). The following subclause specifies the temporal topology‘as temporal charac

feaf]

14.

14.

A te
pro
and

As

cor
of g
a cd
thid
abs
top
end
an i

A tg
A te
tim

EXA
utili

ures in compliance with ISO 19108.
8.2 Temporal topology objects

8.2.1 Overview

mporal topology object shall be a temporal element that describes the order of features
perties as temporal characteristics of features."The two temporal topology objects ar
complex.

Fime is a one dimensional topological Space, temporal topology primitives shall be a
‘esponding to an instant, and a time.edge corresponding to a period. A time node is an :
n event that happened at a certain-instant as a start or an end of one or more states
ndition — a characteristic of a\feature or data set that persists for a period. A “static
document means a feature that holds a consistent identifier during its life span. Time|
fraction of a state, and associdtes with time nodes representing its start and end. Howeve
blogy primitives do not directly indicate “when” or “how long.” A time node need not be a
of a time edge in the case of describing the event not associating with states. Such a no
solated node.

pology compléx is a collection of topological primitives that is closed under the boundary
mporal topology complex shall be a connected acyclic directed graph composed of time
e nodes, A'minimum temporal topology complex is a time edge with two time nodes at its

MPLE A lifecycle of a building can be described as a sequence of stages: plan, designing, c
zation, disposal and demolition. Each stage can be represented as a time edge. The boundary o

}"l]’\lhﬂ' asatimenode rnnrncnnfc ancventofdecision- ma]nhrr whichterminatesthe cfnn‘n andal

sition. It is
species, an
inistrative
teristics of

or feature
b primitive

time node
ibstraction
A state is
feature” in
edge is an
r, temporal
start or an
e is called

operation.
edges and
both ends.

nstruction,
f each stage

des

originates

the next stage Thus, a llfecycle of abuilding is described as a temporal topology complex composed of a sequence

of ti

me edges connected with time nodes.

14.3.2.2 AbstractTimeTopologyPrimitive

Temporal topology primitives shall imply the ordering information between features or feature
properties. The temporal connection of features can be examined if they have temporal topology
primitives as values of their properties. Usually, an instantaneous feature associates with a time node,
and a static feature associates with a time edge. A feature with both modes associates with the temporal
topology primitive: a supertype of time nodes and time edges.
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gml:TimeTopologyPrimitive implements ISO 19108 TM_TopologicalPrimitive (see D.2.5.6 and
ISO 19108:2002, 5.2.4.2) and acts as the head of a substitution group for temporal topology primitives.
It is defined in the schema as follows:

<element name="AbstractTimeTopologyPrimitive" type="gml:AbstractTimeTopologyPrimitiveT
ype"

abstract="true" substitutionGroup="gml:AbstractTimePrimitive"/>
gml:AbstractTimeTopologyPrimitive may be used in any position thata gml:AbstractTimePrimitive is
valid. Its content model is defined as follows:

<complexType name="AbstractTimeTopologyPrimitiveType" abstract="true">
<complexContent>
<exfension base="gml:AbstractTimePrimitiveType">
<gequence>
<element name="complex" type="gml:ReferenceType" minOccurs="0"/>
<[/sequence>
</extension>
</complexContent>
</complgxType>

Atopologidal primitive is always connected to one or more other topological primitjves, and is, therefpre,
always a member of a topology complex. In a GML instance, this will often be indicated by the primitjves
being desctibed by elements that are descendents of an element describing a complex. However, in ofder
to support|the case where a temporal topology primitive is described in another context, the optignal
gml:compléx property is provided, which carries a reference to the parenttemporal topology comp;rex.

14.3.2.3 TimeTopologyPrimitivePropertyType

gml:TimeT pologyPrimitivePropertyTypezprOVidesfOFaSSOCkHingzlgml:AbstractTimeTopologyPrimit
ive with an object:

<complé¢xType name="TimeTopologyPrimitivePropertiyType">
<seduence minOccurs="0">

element ref="gml:AbstractTimeTopologyPrimitive"/>
</sg¢quence>
<atfributeGroup ref="gml:AssociatiomAttributeGroup"/>
<atftributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>

14.3.2.4 TimeTopologyComplex

A temporall topology complex shdllybe the connected acyclic directed graph composed of temppral
topology pirimitives, i.e. time nodes and time edges. Because a time edge may not exist without fwo
time nodeq on its boundaries‘static features have time edges from a temporal topology complex as|the
values of their temporal préperties, regardless of explicit declarations.

A tempordl topology.complex expresses a linear or a non-linear graph. A temporal linear graph,
composed jof a sequeénce of time edges, provides a lineage described only by “substitution” of feature
instances ¢r feature element values. A time node as the start or the end of the graph connects with
at least ong timeedge. A time node other than the start and the end shall connect to at least two time
edges: oneof-starting from the node, and another ending at the node.

gml:TimeTopologyComplex implements ISO 19108 TM_TopologicalComplex (see D.2.5.6 and
[SO 19108:2002, 5.2.4.5) and is declared as follows:

<element name="TimeTopologyComplex" type="gml:TimeTopologyComplexType"
substitutionGroup="gml:AbstractTimeComplex" />
gml:TimeTopologyComplex may be used in any position that a gml:abstractTimeComplex is valid. Its
content model is defined as follows:

<complexType name="TimeTopologyComplexType" abstract="true">
<complexContent>
<extension base="gml:AbstractTimeComplexType">
<sequence>
<element name="primitive" type="gml:TimeTopologyPrimitivePropertyType"
maxOccurs="unbounded" />
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</sequence>
</extension>
</complexContent>
/complexType>

Atemporal topology complex is a set of connected temporal topology primitives. The member primitives

are

indicated, either by reference or by value, using the gm1:primitive property.

14.3.2.5 TimeTopologyComplexPropertyType

gml:TimeTopologyComplexPropertyType provides ﬁn‘assockﬂjng a gml:TimeTopologyComplex with
an object:

14.
Ati

complexType name="TimeTopologyComplexPropertyType">
<sequence minOccurs="0">
<element ref="gml:TimeTopologyComplex"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
/complexType>

B8.2.6 TimeNode

equfivalent to a point in space). A node may act as the termination-or initiation of any num
edges. A time node may be realized as a geometry;, its position, whose value is a time instant

gml

: TimeNode implements ISO 19108 TM_Node (see D.2.5.6.and ISO 19108:2002, 5.2.4.3) and

as fpllows:

gml
con

A

14.

gml

element name="TimeNode" type="gml:TimeNodeRype"
bubstitutionGroup="gml:AbstractTimeTopologyPrimitive" />

 TimeNode may be used in any position that'a gml:AbstractTimeTopologyPrimitive i
Lent model is defined as follows:

FomplexType name="TimeNodeType">
<complexContent>
<extension base="gml:AbstractTimeTopologyPrimitiveType">
<sequence>
<element name="prewiousEdge" type="gml:TimeEdgePropertyType" minOccursH
maxOccurs="unbounded" />
<element name=nextEdge" type="gml:TimeEdgePropertyType" minOccurs="0"
maxOccurs="unkadunded" />
<element namef"position" type="gml:TimeInstantPropertyType" minOccurs="'
</sequence>
</extension¥
</complexCortéent>
complexTypes

8.2.7 TitmeNodePropertyType

L TideNodePropertyType provides for associating a gm1 : TimeNode with an object:

Ine node is a zero-dimensional topology primitive that represents.an identifiable node i time (it is

ber of time

is declared

5 valid. Its

non

0||/>

vaetauil Ts0 name="TimaNcodaDronart sTngl
™ ™ ™ T

<sequence minOccurs="0">
<element ref="gml:TimeNode"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

14.3.2.8 TimeEdge

A time edge is a one-dimensional topology primitive. It is an open interval that starts and ends at a
node. The edge may be realized as a geometry whose value is a time period.

gml:TimeEdge implements ISO 19108 TM_Edge (see D.2.5.6 and I1SO 19108:2002, 5.2.4.4) and is declared
as follows:

©IS
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<element name="TimeEdge" type="gml:TimeEdgeType"
substitutionGroup="gml:AbstractTimeTopologyPrimitive"/>

gml:TimeEdge may be used in any position that a gml:AbstractTimeTopologyPrimitive is valid. Its
content model is defined as follows:

<complexType name="TimeEdgeType">

<complexContent>
<extension base="gml:AbstractTimeTopologyPrimitiveType">
<sequence>
<element name="start" type="gml:TimeNodePropertyType"/>
<element name="end" type="gml:TimeNodePropertyType"/>
<element name="extent" type="gml:TimePeriodPropertyType" minOccurs="0"/>
< Sruen
</eftension>
</complexContent>
</complgxType>
14.3.2.9 TimeEdgePropertyType
gml:TimeEdgePropertyType provides for associating a gm1: TimeEdge with an object:
<compl¢xType name="TimeEdgePropertyType">

<se

</ s4
<atf
<atf
</comp]

14.4 Tempporal reference systems

14.4.1 Overview

A value in
reference

systems (fime elapsed since some epoch). The\primary temporal reference system for use

geographic
(UTC), buy
numbering
at noon on
dates in di

In GML

gml: TimeR{
gml:TimeC]

fuence minOccurs="0">

element ref="gml:TimeEdge"/>

quence>

ributeGroup ref="gml:AssociationAttributeGroup"/>
ributeGroup ref="gml:OwnershipAttributeGroup"/>
exType>

the time domain is measured relative to.atemporal reference system. Common type

information is the Gregorian Calendar and 24 hour local or Coordinated Universal T
special applications may entail the use of alternative reference systems. The Julian
system is a temporal coordinate system that has an origin earlier than any known calen|
1 January 4713 BC in the Julian proleptic calendar, and is useful in transformations betw

ferent calendars.
seven concrete elements are used to describe temporal reference systg
ferenceSystem,,~\grl:TimeCoordinateSystem, gml:TimeCalendar, gml:TimeCalendar

ock,gml:TimeOrdinalReferenceSystem,and<ynl:TimeOrdinalEra

extent ov
gml:TimeR

additional property, gn1:d

ic temporal reference system, TimeReferenceSystem

system is characterized in terms of its domain of validity: the spatial and temp

s of

bystem include calendars, ordinal temporal reference systems, and temporal coordipate

vith
ime
day
dar,
een

ms:

F-ra,

bral
5 is

D

rcwhich it is applicable. The basic GML element for temporal reference system

omainOfvalidity. Itis implemented as follows:

<element name="TimeReferenceSystem" type="gml:TimeReferenceSystemType"
substitutionGroup="gml:Definition"/>

gml:TimeReferenceSystem may be used in any position that a gml:pefinition is valid. Its content model
is defined as follows:

<complexType name="TimeReferenceSystemType">
<complexContent>
<extension base="gml:DefinitionType">
<sequence>

<element name="domainOfVvalidity" type="string"/>

</sequence>
</extension>
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</complexContent>
</complexType>
EXAMPLE This element might appear in an instance document as follows:

<gml:TimeReferenceSystem gml:id="JulianCalendar">
<gml:description xlink:href="http://aa.usno.navy.mil/data/docs/JulianDate.html"/>

<gml:name>Julian Calendar</gml:name>
<gml:domainOfValidity>Western Europe</gml:domainOfValidity>

</gml:TimeReferenceSystem>

14.4.3 TimeCoordinateSystem
A temporal coordinate system shall be based on a continuous interval scale defined in terms of a single
timp interval.

gmlfTimeCoordinateSystem implements ISO 19108 TM_CoordinateSystem (see’ DJf.5.9 and
1S0|19108:2002, 5.3.3) with the exceptions specified below and is declared as follows:

element name="TimeCoordinateSystem" type="gml:TimeCoordinateSystemEype"
substitutionGroup="gml:TimeReferenceSystem"/>
gmlkTimeCoordinateSystem may be used in any position that a gml:TimeRaférenceSystem |s valid. Its

confent model is defined as follows:

<pomplexType name="TimeCoordinateSystemType">
<complexContent>
<extension base="gml:TimeReferenceSystemType">
<sequence>
<choice>

<element name="originPosition" type="gml:TimePositionType"/>
<element name="origin" type="gml:TimelnhstantPropertyType"/>
</choice>
<element name="interval" type="gml:MimelntervallengthType"/>
</sequence>
</extension>
</complexContent>
<fcomplexType>
The differences to ISO 19108 TM_CoordinateSystem are:

— |the origin is specified either using the property gml:originPosition whose value is a flirect time
position(see14.2.2.7),orusingthepropertygmi :originwhosemodelisgm1 : TimeTnstantPrppertyType
(see 14.2.2.4); this permitsimore flexibility in representation and also supports referring to a value

fixed elsewhere;
— |the interval uses gmlTimeIntervalLengthType, defined in 14.2.2.8.
EXAMPLE Coordindte systems might be described in data instances as follows:

<gnm] : TimeCoordinateSystem gml:id="Laser36">
hml :desefiption>Time scale used during a laser experiment</gml:description>
bl :name>laser timescale 36</gml:name>
bl ;domainOfvalidity>Laser laboratory</gml:domainOfValidity>
bl origin>
<gml:TimeInstant>

<gml:timePosition>2002-11-28T12:50:00408:00</gml:timePosition>
</gml:TimeInstant>

</gml:origin>

<gml:interval unit=“second” radix=%“10” factor=%“12">1.0</gml:interval>
</gml:TimeCoordinateSystem>
<gml:TimeCoordinateSystem gml:id="geologyMa'">

<gml:name>Geological time system</gml:name>

<gml:domainOfValidity>Earth</gml:domainOfVvalidity>

<gml:origin>

<gml:TimeInstant>
<gml:description xlink:href="http://www.cl4dating.com/agecalc.html">Conventional

origin used for carbon dating. Equivalent to "present" for other radiometric dating
techniques which have much lower precision.</gml:description>
<gml:timePosition>1950</gml:timePosition>
</gml:TimeInstant>
</gml:origin>

ASASRANRAN
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<gml:interval unit=“year” radix=“10"” factor=%-6”>1.0</gml:interval>
</gml:TimeCoordinateSystem>

14.4.4 Calendars and clocks

14.4.4.1 Overview

Calendars and clocks are both based on interval scales. A calendar is a discrete temporal reference
system that provides a basis for defining temporal position to a resolution of one day. A clock provides
a basis for defining temporal position within a day. A clock shall be used with a calendar in order to
provide a complete description of a temporal position within a specific day.

Calendars
interface. |
such as yeq
event that

14.4.4.2 )

A calendar
to a resoly
ISO 19108:

<elemef
substif

gml:TimeC{
model is dg

<complej
<comp]
<ext

<

<
</ej
</comj
</complq

gml:TimeCd
gml:referd
reference 1

The refere
instantiate
gml:TimeC

gml:TimeC{
and is decl

have a variety of complex internal structures. This schema defines a simple external calen
fvery calendar provides a set of rules for composing a calendar date from a set ofeleme
ir, month, and day. In every calendar, years are numbered relative to the date of a ireferg
Hefines a calendar era. A single calendar may reference more than one calendar,era.

imeCalendar, TimeCalendarEra

is a discrete temporal reference system that provides a basis for defining temporal posi
tion of one day. gml:TimeCalendar implements ISO 19108 TM Calender (see D.2.5.8
2002, 5.3.2.3) and is declared as follows:

ht name="TimeCalendar" type="gml:TimeCalendarType"
utionGroup="gml:TimeReferenceSystem" />

lendar may be used in any position that a gml:TiméReferencesystem is valid. Its con
fined as follows:

[ Type name="TimeCalendarType">

exContent>

ension base="gml:TimeReferenceSystemType">

equence>

<element name="referenceFrame" typé€3"gml:TimeCalendarEraPropertyType"
maxOccurs="unbounded" />

sequence>

ttension>

lexContent>

xType>

lendar adds one property to those inherited from gml:TimeReferenceSysten

hore than one calendanera.

hceFrame element)follows the standard GML property model, allowing the association t
d either using\an inline description using the gml:TimeCalendarEra element, or a link
lendarEragwhich is explicit elsewhere.

lendaxEra implements [SO 19108 TM_CalenderEra (see D.2.5.8 and ISO 19108:2002, 5.3.
hred as follows:

<eleme

dar
bnts
nce

Fion

and

fent

A

nceFrame provides a lihk to a gm1:TimecalendarEra that it uses. A gml:TimeCalendar nay

b be
fo a

0.1)

thame="TimeCalendarbEra" flpa:"mm'l"'I"'ima(*::'land:nf}?‘r:n’r“pn"

Its content

model is defined as follows:

<complexType name="TimeCalendarEraType">

<complexContent>
<extension base="gml:DefinitionType">
<sequence>
<element name="referenceEvent" type="gml:StringOrRefType"/>

name="referenceDate" type="gml:CalDate"/>
name="julianReference" type="decimal"/>

name="epochOfUse" type="gml:TimePeriodPropertyType"/>

<element
<element
<element

</sequence>
</extension>
</complexContent>
</complexType>
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gml:TimeCalendarEra inherits basic properties from gml:DefinitionType (see 15.2.1) and has the
following additional properties:

gml:referenceEvent is the name or description of a mythical or historic event which fixes the
position of the base scale of the calendar era. This is given as text or using a link to description held

elsewhere.

gml:referenceDate specifiesthe date of the referenceEventexpressed as adate inthe given calendar.
In most calendars, this date is the origin (i.e., the first day) of the scale, but this is not always true.

gml:julianReference specifies the Julian date that corresponds to the reference date.

14.

gml

gml}

14.
Acl

in drder to provide a-€omplete description of a temporal position within a specific day. gm1

imp

gmlf

isd

day number IS an mnteger value; the julian date 1s a decimal value that allows greater

transforming dates from one calendar to another.

gml:epochOfUse is the period for which the calendar era was used as a basis for dating.

1.4.3 TimeCalendarPropertyType, TimeCalendarEraPropertyType

L TimeCalendarPropertyType provides for associating a gm1: TimeCaténdar with an object

complexType name="TimeCalendarPropertyType">
<sequence minOccurs="0">
<element ref="gml:TimeCalendar"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGxeup"/>
<attributeGroup ref="gml:AssociationAttributéGroup"/>
/complexType>

TimeCalendarEraPropertyTypeprOVidesfOFaSSOCkﬂjngiigml:TimeCalendarEraVvﬂilan

complexType name="TimeCalendarEraPzropertyType">
<sequence minOccurs="0">
<element ref="gml:TimeCalendarEra"/>
</sequence>
<attributeGroup ref="gml:QwhershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>

t.4.4 TimeClock
bck provides a basi€for defining temporal position within a day. A clock shall be used with

lements ISO 19108 TM_Clock (see D.2.5.8 and ISO 19108:2002, 5.3.2.4) and is declared as

element~ndme="TimeClock" type="gml:TimeClockType"
bubstitutionGroup="gml:TimeReferenceSystem"/>

Transforming calendar dates to and from Julian dates provides a relatively simpl¢

The Julian
resolution.
basis for

object:

acalendar
TimeClock
follows:

Tinéelock may be used in any position that a gm1:TimeReferenceSystem is valid. Its corftent model
pfined as follows:
<complexType name="TimeClockType" final="#all">
<complexContent>
<extension base="gml:TimeReferenceSystemType">
<sequence>

<element name="referenceEvent" type="gml:StringOrRefType"/>
<element name="referenceTime" type="time"/>
<element name="utcReference" type="time"/>

<element name="dateBasis" type="gml:TimeCalendarPropertyType" minOccurs="0"

maxOccurs="unbounded" />
</sequence>
</extension>
</complexContent>

</complexType>
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gml:TimeClock adds the following properties to those inherited from gm1:TimeReferenceSystemType:

— gml:referenceEvent is the name or description of an event, such as solar noon or sunrise, which
fixes the position of the base scale of the clock.

— gnl:referenceTime specifies the time of day associated with the reference event expressed as a
time of day in the given clock. The reference time is usually the origin of the clock scale.

— gnml:utcReference specifies the 24 hour local or UTC time that corresponds to the reference time.

— gml:dateBasis contains or references the calendars that use this clock.

14.4.4.5 TimeClockPropertyType

gml:TimeClockPropertyType provides for associating a gml : TimeClock with an object:

<compl¢xType name="TimeClockPropertyType">
<seduence minOccurs="0">
element ref="gml:TimeClock"/>
</s¢quence>
<atfributeGroup ref="gml:OwnershipAttributeGroup"/>
<atfributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

14.4.5 Orgdinal temporal reference systems

14.4.5.1 OQverview

In some applications of geographic information — such as geélogy and archaeology — relative position
in time is Kknown more precisely than absolute time or duration. The order of events in time can be ell
established, but the magnitude of the intervals between;them cannot be accurately determined; in quch
cases, the ise of an ordinal temporal reference systent’is appropriate. An ordinal temporal refergnce
system is fomposed of a sequence of named cotesminous eras, which may in turn be composefl of
sequences jof member eras at a finer scale, giving the whole a hierarchical structure of eras of varying
resolution.

An ordinalftemporal reference system whose component eras are not further subdivided is effectiyely
a temporal topology complex constrained to be a linear graph. An ordinal temporal reference sysfem
some or al|] of whose component eras‘are subdivided is effectively a temporal topology complex With
the constrqint that parallel brapehes may only be constructed in pairs where one is a single temppral
ordinal eraand the other is a s€quence of temporal ordinal eras that are called "members" of the "group".
This constfaint means thattwithin a single temporal ordinal reference system, the relative positiop of

all temporgl ordinal erasfisjunambiguous.

The positigns of the-bgginning and end of a given era may calibrate the relative time scale.

and ISO 19108:2002, 5.3.4) by adding one or more gml: component properties to the generic temporal
reference system model. It is declared as follows:

<element name="TimeOrdinalReferenceSystem" type="gml:TimeOrdinalReferenceSystemType"
substitutionGroup="gml:TimeReferenceSystem"/>

gml:TimeOrdinalReferenceSystem may be used in any position thata gml: TimeReferenceSysten is valid.
Its content model is defined as follows:

<complexType name="TimeOrdinalReferenceSystemType">
<complexContent>
<extension base="gml:TimeReferenceSystemType">
<sequence>
<element name="component" type="gml:TimeOrdinalEraPropertyType"
maxOccurs="unbounded" />
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</sequence>
</extension>
</complexContent>
</complexType>

gml:TimeOrdinalEra implements ISO 19108 TM_OrdinalEra (see D.2.5.10 and ISO 19108:2002, 5.3.4).
Its content model follows the pattern of gml:TimeEdge (see 14.3.2.8), inheriting standard properties
fronlgml:DefinitionType(See 15.2J),and,adding gml:start,gml:end,and,gml:extent properﬁes,a
set of gml:member properties which indicate ordered gml:TimeoOrdinalEra elements, and a gml:group
property which points to the parent era. This is declared as follows:

<element name="TimeOrdinalEra" type="gml:TimeOrdinalEraType"/>

<copplexType name="TimeOrdinalEraType">
<complexContent>
<extension base="gml:DefinitionType">
<sequence>
<element name="relatedTime" type="gml:RelatedTimeType" minOccurs="0"
maxOccurs="unbounded" />
<element name="start" minOccurs="0" type="gml:TimeNodePropertyType"/>
<element name="end" minOccurs="0" type="gml:TimeNodePropé&rtyType"/>
<element name="extent" type="gml:TimePeriodPropertyType" \minOccurs="0"
<element name="member" type="gml:TimeOrdinalEraPropertyType" minOccursgf"0"
maxOccurs="unbounded" />
<element name="group" type="gml:ReferenceType" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
<fcomplexType>
The recursive inclusion of gm1:TimeoOrdinalEra elements-allow the construction of an arbitfrary depth

hierarchical ordinal reference schema, such that an ordinal era at a given level of the hierarchy includes
a sgquence of shorter, coterminous ordinal eras.

EXAMPLE The example below shows a portien of the geological time scale depicted as|an ordinal
reference system:

<gm]L : TimeOrdinalReferenceSystem gml:id="GeologicalTimeScale">
pml :description xlink:href="ftp¢/Y/ftp.iugs.org/pub/iugs/iugs intstratchart.pdq"/>
hml :name>Geological time scakexXfgml:name>
hml :domainOfvValidity>Earth</dwl :domainOfvalidity>
| -— Earlier eras omitted %>
pml : component>
<gml:TimeOrdinalEra gml:id="Cenozoic">
<gml:name>Cenozoic~Era</gml:name>
<gml:start xlink:href="#basePaleocene"/>
<gml:end xlink{href="#now"/>
<gml :memberX
<gml:TimeQrdinalEra gml:id="Tertiary">
<gmldrame>Tertiary Period</gml:name>
<gm¥¥Tstart xlink:href="4#baseTertiary"/>
<gml:end xlink:href="#basePleistocene"/>
<gml:member>
<gml:TimeOrdinalEra gml:id="Paleogene">
<gml:name>Paleogene sub-period</gml:name>

A AN ANANAN

\:jIHJ. « o LAL T
<gml:TimeInstant gml:id="basePaleogene">
<gml:timePosition frame="#geologyMa">65.0</gml:timePosition>
</gml:TimeInstant>
</gml:start>
<gml:end xlink:href="#baseNeogene"/>
<gml :member>
<gml:TimeOrdinalEra gml:id="Paleocene">
<gml:name>Paleocene Epoch</gml:name>
<gml:start xlink:href="#basePaleogene" />
<gml:end xlink:href="#baseEocene"/>
</gml:TimeOrdinalEra>
</gml:member>
<gml:member>
<gml:TimeOrdinalEra gml:id="Eocene">
<gml:name>Paleocene Epoch</gml:name>
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<gml:start >
<gml:TimeInstant gml:id="baseEocene">
<gml:timePosition frame="#geologyMa">57.8</gml:timePosition>
</gml:TimeInstant>
</gml:start >
<gml:end xlink:href="#baseOligocene"/>
</gml:TimeOrdinalEra>
</gml:member>
<gml :member>
<gml:TimeOrdinalEra gml:id="Oligocene">
<gml:name>0Oligocene Epoch</gml:name>
<gml:start >
<gml:TimeInstant gml:id="baseOligocene'">
<gml:timePosition frame="#geologyMa">33.7</gml:timePosition>
</gml:TimeInstant>
</gml:start >
<gml:end xlink:href="#baseNeogene"/>
</gml:TimeOrdinalEra>
</gml:member>
</gml:TimeOrdinalEra>
</gml:member>
<!-- Ne¢ggene sub-period and Quaternerary period omitted -->
<{fgml:TimeOrdinalEra>
</gfl:member>
</gml{TimeOrdinalEra>
</gml:c¢mponent>
</gml:Timg¢OrdinalReferenceSystem>
Note that the use of references on various begin and end elements alows the position of the boundalries
between eras to be recorded once and then re-used many times as\appropriate, corresponding to a jon-
linear gragh when appropriate. All positions refer to a frame “geologyMa” which would be defined ps a

temporal cpordinate system (e.g. see Clause 12).

14.4.5.3 TimeOrdinalEraPropertyType

gml:TimeOtdinalEraPropertyType provides for associating a gml:TimeOrdinalEra with an object:

<compl¢xType name="TimeOrdinalEraPropertyType">
<sequence minOccurs="0">
element ref="gml:TimeOrdinalEra"/>
</sg¢quence>
<atfributeGroup ref="gml:OwnershipAttributeGroup"/>
<atfributeGroup ref="gmlsAssociationAttributeGroup"/>
</complexType>

14.5 Representing dynaniic features

14.5.1 Oveerview

A number ¢f types-and relationships are defined to represent the time-varying properties of geographic
features.

In a comprehensive treatment of spatiotemporal modelling, Langran (see Bibliography) distinguished
three principal temporal entities: states, events, and evidence; the schema specified in the following
subclauses incorporates elements for each. The conceptual model is shown in D.3.11.

14.5.2 dataSource

In GML, evidence is represented by a simple gml :dataSource Or gml:dataSourceReference property that
indicates the source of the temporal data.

<element name="dataSource" type="gml:StringOrRefType"/>
<element name="dataSourceReference" type="gml:ReferenceType"/>

The remote link attributes of the gmi:dataSource element have been deprecated along with its current
type. To refer to a remote data source, use the remote link attributes of gm1 :dataSourceReference instead.

EXAMPLE A human observer or an in situ sensor.
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14.5.3 Dynamic properties

A convenience group gml:dynamicProperties is defined as follows:

<group name="dynamicProperties">

<
Thi
a st
spe

14.

Stat
Dyr

The

<sequence>
<element ref="gml:validTime" minOccurs="0"/>
<element ref="gml:history" minOccurs="0"/>
<element ref="gml:dataSource" minOccurs="0"/>
<element ref="gml:dataSourceReference" minOccurs="0"/>
</sequence>
/group>
b

andard fashion. The gml:validTime property is specified in 14.2.1.3. The other pro
rified elsewhere in 14.5.

5.4 DynamicFeature

es are captured by time-stamped instances of a feature. gml:DyidamicFeature i
amicFeature as shown in D.3.11 and is declared as follows:

element name="DynamicFeature" type="gml:DynamicFeatureTyp&"
bubstitutionGroup="gml:AbstractFeature"/>

content model extends the standard gml:aAbstractFeatureType with the gml:dynamic

modglel group:

<

<
Eac
nor

ComplexType name="DynamicFeatureType">
<complexContent>
<extension base="gml:AbstractFeatureType" >
<group ref="gml:dynamicProperties"/>
</extension>
</complexContent>
complexType>

h time-stamped instance represents ac‘snapshot’ of a feature. The dynamic feature d
mally be extended to suit particular.applications. A dynamic feature bears either a time

histlory.

NOT
vary
vari

14.

gml
dec

The

E A history consists of a set of gml:AbstractTimeSlices and such time slices can contd
ring properties. One can, for example, use such a mechanism to describe a feature with one p
es in time.

5.5 DynamicFeatureCollection

: DynamicFeaturaCollection implements DynamicFeatureCollection as shown in D.3
ared as follows:

element\pame="DynamicFeatureCollection" type="gml:DynamicFeatureCollectionTyq
EubstitutionGroup="gml:DynamicFeature"/>

contént model extends gm1 : DynamicFeatureType with the gm1:dynamicMembers property}:

model in
berties are

mplements

roperties

lasses will
stamp or a

in any time
operty that

—_

1 and is

e"

<
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<complexContent>
<extension base="gml:DynamicFeatureType">
<sequence>
<element ref="gml:dynamicMembers"/>
</sequence>
</extension>
</complexContent>
/complexType>

<element name="dynamicMembers" type="gml:DynamicFeatureMemberType"/>

<complexType name="DynamicFeatureMemberType'">

©IS

<complexContent>
<extension base="gml:AbstractFeatureMemberType">
<sequence>
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<element ref="gml:DynamicFeature" minOccurs="0" maxOccurs="unbounded"/>

</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

A gml:DynamicFeatureCollection is a feature collection that has a gml:validTime

property (i.e. is

a snapshot of the feature collection) or which has a gm1:history property that contains one or more
gml:AbstractTimeSlices each of which contain values of the time varying properties of the feature

collection.

1.

Note that the gm1:DynamicFeatureCollection may be one of the following:

A feature collection which consists of static feature members (members do not change in time) but

which
EXAMPLE 1

could be captured in the history of the Train. The featureMembers of the Train are the individual gars‘inclu

the locomot]
organizatio

2. A fea

gml:Dy

EXAMPLE 2
reappear. T
variant.

NOTE
the collectig
like the org

14.5.6 AbstractTimeSlice

To describ
the gml:2b

<elemenft
substit

<complej
<comp]
<exf

<3

<
</ef

</ comy
</compld

A timeslicg
represent<

has properties of the collection object as a whole that do change in time®).

A Train: The Train is a feature collection. The position and speed of the train are time yarying|

ive. The properties of the cars are static such as the position of the car in the train (we4gnore an)
h of the train in this example), the cargo, the make of the car and its type (e.g. grain eat, oil car et

fure collection which consists of dynamic feature members the members

A collection of sail boats in a yachting race. The sail boats mdy disappear from the rac
he area encompassing the boats in the race (think of a race like,the)Vendée Globe) would be {

ne can also have a feature collection with dynamic featuresmembers but such that the properti
n as a whole are static. This can also be applied to the sail boat race where we only have propet
nization committee, and the location of the starting point'and finish line.

P an event — an action that occurs at an-instant or over an interval of time — GML prov
EtractTimeSlice element, which is declared as follows:

name="AbstractTimeSlice" type="gml:AbstractTimeSliceType" abstract="true"
tionGroup="gml:AbstractGML" />

tType name="AbstractTimeSliceType" abstract="true">
exContent>

ension base="gml:AbstractGMLType">

equence>

<element ref="gu¥HvalidTime"/>

<element ref="lgm}:dataSource" minOccurs="0"/>
sequence>

Ftension>

lexConten®>

xType>

encapsulates the time-varying properties of a dynamic feature - it shall be extende

and
ing
 re-

).

are

namicFeatures) but which also has properties of the collection as a whole that vary in tiie.

ay

P or
ime

s of
ties

des

] to

| time'stamped projection of a specific feature. The gm1:datasource property describes

the tempor

alidata was acquired.

Tow

A gml:AbstractTimeSlice instance is a GML object that encapsulates updates of the dynamic—or
volatile—properties that reflect some change event; it thus includes only those feature properties that
have actually changed due to some process.

EXAMPLE 1

Suppose that ownership of a building changes and it is renamed. If no other building properties
have changed, then the event will only include the updated name.

gml:AbstractTimeslice basically provides a facility for attribute-level time stamping, in contrast to the
object-level time stamping of dynamic feature instances.

6) e.g.described by a history.
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The time slice can thus be viewed as event or process-oriented, whereas a snapshot is more state or
structure-oriented. A timeslice has richer causality, whereas a snapshot merely portrays the status of
the whole.

EXAMPLE 2 A feature collection might have a 'life cycle' represented by a sequence of snapshots, see Figure 3.

Figure 3 — Life cycle of a feature collection

Atipstant t;, feature A, feature B, and feature C are all members0f the collection. However, gt instant t,
only feature A and feature C are members. Closer examination“of the history of feature B wi|l reveal its
ephemeral nature (e.g. a building is dismantled and reconstructed on a seasonal basis).

14.5.7 history

A generic sequence of events constitute a gml;:history of an object. This property element |s declared
as fpllows:

<glement name="history" type="gml:HistoryPropertyType"/>

<pomplexType name="HistoryPropertyType">
<sequence>

<element ref="gml:AbsthactTimeSlice" maxOccurs="unbounded"/>
</sequence>
<attributeGroup refs"gml:OwnershipAttributeGroup"/>
<fcomplexType>

The gnl:history element.contains a set of elements in the substitution group headed by the abstract
eletnent gml:AbstractPmeSlice, representing the time-varying properties of interest. Tlhe history
property of a dynamic feature associates a feature instance with a sequence of time slices (i.e. change
evehts) that encapsulate the evolution of the feature.

The gml:hiskery property is intended to capture time varying properties of a feature whosg identity is
invariantever the lifetime of the temporal model. In this way the detailed evolution of a feagure can be
desfribed such as its motion in space or changes in its shape. The gm1:history property car be related
to temporal topology ohjects specified in 143 Every gml:-abstractTimeslice in the gmi-nistory of a
dynamic feature can correspond to a gml:TimeEdge in the temporal topology model, if the topology of
the valid times of different time slices shall be expressed explicitly. In temporal topology one constructs
a temporal topology complex that provides a framework to which one can attach the lineage of a feature
or temporal collection of features including dynamic features.

EXAMPLE gml:MovingObjectStatus (see 1.7.2) is one example of how gml:AbstractTimeSlice may be
extended to capture the status of a moving object at certain times. The type has been deprecated due to the
overlap with 1SO 19141 (Schema for moving features).

If a feature represents a moving object such as a ground vehicle or a ship, then the gn1:history property
comprises a sequence of gml:MovingObjectstatus elements. For example, a dynamic feature such as a
cyclone may have a gml:history property such as shown in the following fragment:
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<app:Cyclone gml:id="cl">
<gml:history>
<gml:MovingObjectStatus>
<gml:validTime>
<gml:TimeInstant>
<gml:timePosition>2005-11-28T13:00:00Z</gml:timePosition>
</gml:TimeInstant>
</gml:validTime>
<gml:location>
<gml:Point gml:id="pl" srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:pos>-35 140</gml:pos>
</gml:Point>
</gml:location>
<gml:gpeed uom="#kph">12</gml:speed>
<gml:Ppearing>
<gm] :CompassPoint>SE</gml:CompassPoint>
</gml{bearing>
</gml:M¢vingObjectStatus>
<gml:MoyingObjectStatus>
<gml:yalidTime>
<gm}:TimeInstant>
<¢gml:timePosition>2005-11-28T14:00:00Z</gml:timePosition>
</gml:TimeInstant>
</gml{validTIme>
<gml:Jocation>
<gm}:Point gml:id="pl" srsName="http://www.opengis.net/deffdrs/EPSG/0/4326">
<¢gml:pos>-34.9 140.1</gml:pos >
</gml:Point>
</gml{location>
<gml:gpeed uom="#kph">23</gml:speed>
<gml:Ppearing>
<gm}:CompassPoint>ESE</gml:CompassPoint>
</gml{bearing>
</gml:M¢vingObjectStatus>
</gml:hisfory>
</app:Cyclone>

15 GML $chema — Definitions and dictionaries

15.1 Overview

Many applications require definitiors o6f terms which are used within instance documents as the values
of certain properties or as reference information to tie properties to standard information values in
some way. Units of measure and.descriptions of measurable phenomena are two particular examplgs.

It will often be convenient to use definitions provided by external authorities. These may already be
packaged flor delivery in.various ways, both online and offline. In order that they may be referrefl to
from GML flocuments'it-is generally necessary that a URI be available for each definition. Where thjs is
the case then it is usually preferable to refer to these directly.

Alternativ¢ly,/it ‘'may be convenient or necessary to capture definitions in XML, either embedded
within an [inStance document containing features or as a separate document. The definitionsdﬁnay
be transcriptions from an external source, or may be new definitions for a local purpose. In order to
support this case, some simple components are provided in GML in the form of

— ageneric gml:Definition, which may serve as the basis for more specialized definitions
— agenericgml:Dictionary, which allows a set of definitions or references to definitions to be collected

These components may be used directly, but also serve as the basis for more specialized definition
elements in GML, in particular: coordinate operations (Clause 12), coordinate reference systems
(Clause 12), datums (Clause 12), temporal reference systems (Clause 14), and units of measure
(Clause 16).

Note that the GML definition and dictionary components implement a simple nested hierarchy of
definitions with identifiers. The latter provide handles which may be used in the description of more
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complex relationships between terms. However, the GML dictionary components are not intended
to provide direct support for complex taxonomies, ontologies or thesauri. Specialized XML tools are
available to satisfy the more sophisticated requirements.

NOTE The dictionary schema document is identified by the following location-independent name (using
URN syntax):

— urn:ogc:specification:gml:schema-xsd:dictionary:3.2.1

15.2 Dictionary schema

15.2.1 Definition, DefinitionType, remarks

The basic gml:Definition element specifies a definition, which can be included in 61 referfenced by a
dictionary. It is declared as follows:

element name="Definition" type="gml:DefinitionType"
EubstitutionGroup="gml:AbstractGML" />

complexType name="DefinitionBaseType">
<complexContent>
<restriction base="gml:AbstractGMLType">
<sequence>
<element ref="gml:metaDataProperty" minQlcurs="0" maxOccurs="unboynded"/>
<element ref="gml:description" minOccuxsz"0"/>
<element ref="gml:descriptionReference?® minOccurs="0"/>
<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs=40" maxOccurs="unbounded"/>
</sequence>
<attribute ref="gml:id" use="requirxed"/>
</restriction>
</complexContent>
/complexType>

complexType name="DefinitionTypg'">
<complexContent>
<extension base="gml:DgfimitionBaseType">
<sequence>
<element ref=Wgml:remarks" minOccurs="0"/>
</sequence>
</extension>
</complexContent
/complexType>

element name="fémarks" type="string"/>
The content model/for a generic definition is a derivation from gml:abstracteMLType. The gmi:id
attifibute is mandatory for all definitions.

The gm1:d&stription property element shall hold the definition if this can be captured in a fimple text
stripngArthe gml:descriptionReference property element may carry a link to a description|elsewhere.

ThegmrrTaentiTrer etement stath provide ome idemntifier identifying thisdefinitiom Thetdentifier shall
be unique within the dictionaries using this definition.

The gml:name elements shall provide zero or more terms and synonyms for which this is the definition.

The gml:remarks element shall be used to hold additional textual information that is not conceptually
part of the definition but is useful in understanding the definition.

15.2.2 Dictionary, DictionaryType

Sets of definitions may be collected into dictionaries or collections. These are declared in the schema as
follows:

© IS0 2020 - All rights reserved 151


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

<element name="Dictionary" type="gml:DictionaryType"

ion"/>

substitutionGroup="gml:Definit

<complexType name="DictionaryType">
<complexContent>
<extension base="gml:DefinitionType">

<choice minOccurs="0"

maxOccurs="unbounded">
<element ref="gml:dictionaryEntry"/>
<element ref="gml:indirectEntry"/>

</choice>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complgxType>

A gml:Dict{ionary is a non-abstract collection of definitions.
The gml:pictionary content model adds a list of gml:dictionaryEntry and gml:indiréctErfdtry
(deprecate) properties that contain or reference gml:pefinition objects. A database handle (gm]:id
attribute] is required, in order that this collection may be referred to. The standard‘§ml:identiffier,
gml:description, gml:descriptionReference and gml:name properties are available to reference¢ or
contain mgre information about this dictionary. The gml:description and gml:descriptionReferdnce
property elements may be used for a description of this dictionary. The derivedgml :name element nay
be used foif the name(s) of this dictionary.

15.2.3 dig

tionaryEntry, DictionaryEntryType

These elements contain or refer to the definitions which are memnibers of a dictionary. The elenjent

gml:dicti
<eleme]

<complg
<cor

</c
</comp]
The conter
contain or
the conten

naryEntry is declared as follows:
it name="dictionaryEntry" type="gml:DictiowaryEntryType"/>

xType name="DictionaryEntryType">
plexContent>
extension base="gml:AbstractMemberType">

<sequence minOccurs="0">

<element ref="gml:Definition"/>

</sequence>

<attributeGroup ref="gml:AssSociationAttributeGroup"/>
/extension>
mplexContent>
exType>

t model follows the standard GML property pattern, so a gml:dictionaryEntry may eif
refer to a single gmt:péfinition. Since gml:Dictionary is substitutable for gml:pefinit
[ of an entry may-its€elf be a lower-level dictionary.

Note that i

context, sol does not-allow external references to this specific definition in this context. When use
this way tHe referéneed definition will usually be in a dictionary in the same XML document.

15.2.4 Usjngdefinitions and dictionaries

the value is provided by reference, this definition does not carry a handle (gm1:id) in

her

i on,

this
d in

Dictionaries and definitions are GML objects, so may be found in independent GML data instance
documents.

In application schemas it might be useful to attach a gm1:Dictionary or gml:Definitions to a feature

collection i

EXAMPLE

n order to record definitions used in properties of members of the collection.

The following example shows two instances of dictionaries:

<gml:Dictionary gml:id="rockTypes">
<gml:description>A simple dictionary of rock types using components from gmlBase</
gml:description>
<gml:identifier codeSpace="http://www.abc.org/terms">Rock Types</gml:identifier>
<gml:dictionaryEntry>
<gml:Definition gml:id="granite">

<gml:description>A igneous rock normally composed of quartz,

152
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optional mica</gml:description>
<gml:identifier codeSpace="http://www.abc.org/terms">Granite</gml:identifier>
</gml:Definition>
</gml:dictionaryEntry>
<gml:dictionaryEntry>
<gml:Definition gml:id="sst">
<gml:description>A detrital sedimentary rock normally composed of siliceous grains</
gml:description>
<gml:identifier codeSpace="http://www.abc.org/terms">Sandstone</gml:identifier>
</gml:Definition>
</gml:dictionaryEntry>
<gml:dictionaryEntry xlink:href="http://my.big.org/definitions/geology/limestone”/>
</gml:Dictionary>

<gm]L.:Dictionary gml:id="AbridgedGMLdictionary">
<pml:description>Abridged GML dictionary.</gml:description>
<pml:identifier codeSpace="http://www.opengis.net/gml/3.2">GML Dictionary</
gmlpidentifier>
<pml:dictionaryEntry>
<gml:Definition gml:id="term4.1">
<gml:description>conceptual schema for data required by one &m more applicdtions</
gmlpdescription>
<gml:identifier codeSpace="http://www.isotc21ll.0rg/19101">application schena</
gmlfidentifier>
</gml:Definition>
<fgml:dictionaryEntry>
bml :dictionaryEntry>
<gml:Definition gml:id="term4.2">
<gml:description>application schema written in XML Schema in accordance wiffh the
rulfgs specified in ISO 19136</gml:description>
<gml:identifier codeSpace="http://www.opengi®¥.net/gml/3.2">GML application [schema</
gmlfidentifier>
</gml:Definition>
<fgml:dictionaryEntry>
bml :dictionaryEntry>
<gml:Definition gml:id="term4.3">
<gml:description>semantic relatiOhship between two or more classifiers that
spefifies connections among their instances </gml:description>
<gml:identifer codeSpace="htfp://www.uml.org/l.3">association</gml:identifjer>
</gml:Definition>
<fgml:dictionaryEntry>
pml :dictionaryEntry>
<gml:Definition gml:ig={"term4.4">
<gml:description>ndanme+~value pair contained in an element</gml:description>
<gml:identifer cedéSpace="http://www.w3.0rg/XML/1998/namespace">attribute<
gmlpidentifier>
</gml:Definitign>
<fgml:dictionaryEntry>
<f-- . ==>
</gpl:Dictiona¥y>

A

A

A

16|GME’schema — Units, measures and values

16.1 Introduction

Several GML schema components concern or require quantitative values which use a reference
scale or units of measure. In 8.2 the types gml:MeasureType, gml:MeasureListType and
gml:MeasureOrNilReasonListType are defined to enable GML properties and objects to carry units of
measure, in accordance with the following pattern:

<abc:length uom=“"m”>100</abc:length>
The attribute uom means “unit of measure” and holds a gm1:UomIdentifier (see 8.2.3.6).

This clause describes schema components concerning three topics:

— aset of components for defining units of measure,
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— asetof typed measures,

— structures for aggregates and lists of measures.

16.2 Units schema

16.2.1 Overview

Several GML schema components concern or require a reference scale or units of measure. Units
are required for quantities that may occur as values of properties of feature types, as the results of

observati
System de

NOTE ]
The units s
syntax):

urn:og

The basic u
specialized

This model

Base u

particfilar system of units, which may not be derived by combination of other base units.

Derivg
algebr

In some ap
using a sc3
all physica
derived un|

16.2.2 Us

Unit definitions are substitutable(for the gm1:pefinition element declared as part of the diction

model. A d
dictionary,

16.2.3 u

The elem
schema as

<element

O[TS; 1

)
llinitions.

i

'he schema document units.xsd defines components to support the definition of units-ofsmeas
hema is listed in Annex C; it is identified by the following location-independent name* (using |
:specification:gml:schema-xsd:units:3.2.1

nit definition is an extension of the general gm1:Definition element'defined in 15.2.1. Th
elements for unit definition are further derived from this.

nits are the preferred units for a set of orthogonal fundamental quantities which define]

hic combination of the base units.

plication areas, conventional units are used, which may be converted to the preferred u
ling factor or a formula which defines,are-scaling and offset. The set of preferred unitg

quantity types in a particular system.of units is composed of the union of its base units
iits.

ing unit definitions

ictionary that containis’ only unit definitions and references to unit definitions is a ul

tOfMeasuré, UnitOfMeasureType

t gml:unifOfMeasure is a property element to refer to a unit of measure. It is declared in|
follows:

rrame="unitOfMeasure" type="gml:UnitOfMeasureType"/>

nce

ure.
URN

ree

is based on the SI system of units, which distinguishes betwéen base units and derived umits.

the

bd units are the preferred units for other quantiti€s in the system, which may be definegl by

hits
for
and

ary
nits

the

<complexType name="UnitOfMeasureType">

<sequence/>

<attribute name="uom" type="gml:UomIdentifier" use="required"/>
</complexType>

This is an empty element which carries a reference to a unit of measure definition (see 8.2.3.6).

EXAMPLE

This element may appear in a data instance as follows:

<unitOfMeasure uom="m"/>
<unitOfMeasure uom="http://my.standards.org/units/length/metre"/>
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16.2.4 UnitDefinition, UnitDefinitionType

A gml:UnitDefinition is a general definition of a unit of measure. This generic element is used only for
units for which no relationship with other units or units systems is known. It is declared in the schema
as follows:

<element name="UnitDefinition" type="gml:UnitDefinitionType"
substitutionGroup="gml:Definition"/>

<complexType name="UnitDefinitionType">
<complexContent>
<extension base="gml:DefinitionType">
<sequence>
<element ref="gml:quantityType" minOccurs="0"/>
<element ref="gml:quantityTypeReference" minOccurs="0"/>
<element ref="gml:catalogSymbol" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
/complexType>

Theg content model of gml:UnitDefinition adds three additional properties to gml:pefinition
(de. cribed in 15.2.1), gml:quantityType, gml:quantityTypeReference and gml:catalogSymbdl.

The gml:catalogsymbol property optionally gives the short symbplwused for this unit. This|element is
usuplly used when the relationship of this unit to other units ordinits systems is unknown.

16.2.5 quantityType, quantityTypeReference

The gml:quantityType and gml:quantityTypeReference properties indicate the phenomendn to which
theunits apply. They are declared as follows:

element name="quantityType" type="gmly8tringOrRefType"/>

element name="quantityTypeReference'"\type="gml:ReferenceType"/>
Thip element contains an informal description of the phenomenon or type of physical quaritity that is
meadsured or observed.

EXAMPLE "length", "angle", "time", "pressure", or "temperature".

When the physical quantity issthe result of an observation or measurement, this term i known as
obsprvable type or measurand.

Theguse of gm1 : quantitylType for references to remote values is deprecated. gm1 : quantityTyp¢Reference
shalll be used insteads

16.2.6 catalogSymbol

The catalogSymbol is the preferred lexical symbol used for this unit of measure. It is declared as follows:

element name="catalogSymbol" type="gml:CodeType"/>
The cadeSpace attribute in gm1 : CodeType identifies a namespace for the catalog symbol valuef and might
reference the external catalog. The string value in gm1:CodeType contains the value of a symbol that
should be unique within this catalog namespace. This symbol often appears explicitly in the catalog,
but it could be a combination of symbols using a specified algebra of units.

EXAMPLE The symbol "cm" might indicate that it is the "m" symbol combined with the "c" prefix.

16.2.7 BaseUnit, BaseUnitType, unitsSystem

A base unit is a unit of measure that cannot be derived by combination of other base units within a
particular system of units. For example, in the SI system of units, the base units are metre, kilogram,
second, Ampere, Kelvin, mole, and candela, for the physical quantity types length, mass, time
interval, electric current, thermodynamic temperature, amount of substance and luminous intensity,
respectively.
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This is supported using the gm1:Baseunit element which is declared as follows:

<element name="BaseUnit" type="gml:BaseUnitType" substitutionGroup="gml:UnitDefinit

ion"/>

<complexType name="BaseUnitType">
<complexContent>
<extension base="gml:UnitDefinitionType">
<sequence>

<element name="unitsSystem" type="gml:ReferenceType"/>

</sequence>
</extension>

</com

lexContent

</complg
gml :BaseUy
reference t

16.2.8 De

Derived u
other than
s2) for for
than the f]
gml:Convel
declared a

<element 1
substit

<comples
<comp]
<exft

<3

<

</ej
</comj
</complq

Thegml:De

16.2.9 de

A set of gm]|
integer exy
and formin

<elemenft

<complej
<comp]

xType>
it extends generic gml:UnitDefinition with the property gml:unitssystem, which-¢arr
o the units system to which this base unit is asserted to belong.

rivedUnit, DerivedUnitType

those corresponding to the base units, such as hertz (s1) for frequency, Newton (kg
fe. Derived units based directly on base units are usually preférped for quantities of
indamental quantities within a system. If a derived unit is ‘not the preferred unit,

follows:

ame="DerivedUnit" type="gml:DerivedUnitType"
tionGroup="gml:UnitDefinition"/>

tType name="DerivedUnitType">

exContent>

ension base="gml:UnitDefinitionType">

equence>

<element ref="gml:derivationUnitTepmn" maxOccurs="unbounded"/>
sequence>

ttension>

lexContent>

xType>

rivedUnit extends gml:Unit®efinition with the property gml:derivationUnitTerms.

rivationUnitTerms, DerivationUnitTermType
:derivationUnitTezh elements describes a derived unit of measure. Each element carrie
g the product: The element gml:derivationUnitTerm is declared as follows:

name="dénrivationUnitTerm" type="gml:DerivationUnitTermType"/>

I Type\\name="DerivationUnitTermType">
exCentent>

<exf{

ks

hits are defined by combination of other units. Derived units arenused for quantities

.m/
her
the

tionalUnit element (see 16.2.10) should be used instead. The-gml:Derivedunit element is

5 dan

onent. The ternis’are combined by raising each referenced unit to the power of its exporent

ehsion base="gml:UnitOfMeasureType">

<attribute name="exponent" type="integer"/>
</extension>
</complexContent>
</complexType>
This unit term references another unit of measure (uom) and provides an integer exponent applied to
that unit in defining the compound unit. The exponent may be positive or negative, but not zero.

16.2.10ConventionalUnit, ConventionalUnitType

Conventional units that are neither base units nor defined by direct combination of base units are used
in many application domains. For example electronVolt for energy, feet and nautical miles for length. In
most cases there is a known, usually linear, conversion to a preferred unit which is either a base unit or
derived by direct combination of base units. The gm1:conventionalunit elementis declared as follows:
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<element name="ConventionalUnit" type="gml:ConventionalUnitType"
substitutionGroup="gml:UnitDefinition"/>

<complexType name="ConventionalUnitType">
<complexContent>
<extension base="gml:UnitDefinitionType">
<sequence>
<choice>
<element ref="gml:conversionToPreferredUnit"/>
<element ref="gml:roughConversionToPreferredUnit"/>
</choice>
<element ref="gml:derivationUnitTerm" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
<fcomplexType>
Thg gml:ConventionalUnit extends gml:UnitDefinition with a property ,that d¢scribes a
confersion to a preferred unit for this physical quantity. When the conversion-is exact, the element
gmlfconversionToPreferredUnit should be used, or when the conversion is not'éxact the element gm1:r
oughConversionToPreferredunit is available. Both of these elements have the same content nodel. The
gmlfderivationUnitTerm property defined above is included to allow a user to optionally gecord how

thid unit may be derived from other ("more primitive") units.

16.2.11 conversionToPreferredUnit, roughConversionToPrefertedUnit,
ConversionToPreferredUnitType, FormulaType

Thd elements gml:conversionToPreferredUnit and,gml:roughConversionToPreferredUnit represent
parpmeters used to convert conventional units to preferred units for this physical quantity type.
A preferred unit is either a Base Unit or a Derived Ugiit that is selected for all values of ofpe physical
quantity type. These conversions are declared in the:schema as follows:

<plement name="conversionToPreferredUnif!y type="gml:ConversionToPreferredUnitType" />

<plement name="roughConversionToPreflerredUnit"
Fype="gml :ConversionToPreferredUnitType" />

<fomplexType name="ConversionlToPreferredUnitType">
<complexContent>
<extension base="gml:UnitOfMeasureType">
<choice>

<element name="factor" type="double"/>
<element name="formula" type="gml:FormulaType"/>
</choice>
</extension>

</complexConkeht>
<fcomplexType>
Theinherited atfribute uom references the preferred unit that this conversion applies to. The conversion
of a unit to.the'preferred unit for this physical quantity type is specified by an arithmetic [conversion
(scdling and/or offset). The content model extends gml:UnitOfMeasureType, Which has a mandatory
attrjibute ‘uom which identifies the preferred unit for the physical quantity type that this conversion
appliesito. The conversion is specified by a choice of

— gml:factor, which defines the scale factor, or
— gml:formula, which defines a formula

by which a value using the conventional unit of measure can be converted to obtain the corresponding
value using the preferred unit of measure. The model for the formula is given as follows:

<complexType name="FormulaType">
<sequence>
<element name="a" type="double" minOccurs="0"/>
<element name="b" type="double"/>
<element name="c" type="double"/>
<element name="d" type="double" minOccurs="0"/>
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</sequence>
</complexType>

This formula defines the parameters of a simple formula by which a value using the conventional
unit of measure can be converted to the corresponding value using the preferred unit of measure.
The formula element contains elements a, b, c and d, whose values use the XML Schema type double.
These values are used in the formula y = (a + bx) / (c + dx), where x is a value using this unit, and y is
the corresponding value using the base unit. The elements a and d are optional, and if values are not
provided, those parameters are considered to be zero. If values are not provided for both a and d, the
formula is equivalent to a fraction with numerator and denominator parameters.

16.2.12 qumplp of units di(‘tinnary <informative>

This dictiohary contains definitions corresponding to all the base and derived units defined by-in the SI
system [SI], plus a selection of conventional units to illustrate the usage of these components.

<gml:Dictjonary gml:id="unitsDictionary">
<gml:degcription>A dictionary of units of measure</gml:description>
<gml:id¢ntifier codeSpace="http://www.opengeospatial.org/initiatives/?i4ad=79">0WS-1.2
Units</gm]:identifier>
<gml:di¢tionaryEntry>
<gml:Ppictionary gml:id="SIBaseUnits">
<gm]:description>The Base Units from the SI units system.</gmirdescription>
<gm]:identifier codeSpace="http://www.opengeospatial.org/
initiativgs/?iid=79">0WS-1.2 SI Base Units</gml:identifier>
<gm}:dictionaryEntry>
<¢ml:BaseUnit gml:id="m">
<gml:description>The metre is the length of the\wgath travelled by light in
vacuum dufing a time interval of 1/299 792 458 of a secend.</gml:description>
<gml:identifier codeSpace="http://www.bipm.fr/en/3 SI/base units.html">metre</
gml:identjfier>
<gml:name xml:lang="en/US">meter</gml:name>
<gml:quantityType>length</gml:quantityLype>
<gml:catalogSymbol codeSpace="http://www.bipm.fr/en/3 SI/base units.html">m</|
gml:catal¢gSymbol>
<gml:unitsSystem xlink:href="http:V7www.bipm.fr/en/3 SI"/>
<{gml:BaseUnit>
</gl:dictionaryEntry>
<=1 . -=>
</gml{Dictionary>
</gml:djctionaryEntry>
<gml:di¢tionaryEntry>
<gml:Ppictionary gml:id="SIBerivedUnits">
<gm}:description>The Dezived Units from the SI units system. These are all derive
as a prodjct of SI Base Units, except degrees Celsius in which the conversion formaula
the SI Bage Unit (kelvim)~involves an offset. </gml:description>
<gm]:identifier odeSpace="http://www.opengeospatial.org/
initiativgs/?iid=79"SOWS-1.2 SI Derived Units</gml:identifier>
<gml}:dictionav¥Entry>
<¢gml:DerdivedUnit gml:id="rad">
<gml:identifier codeSpace="http://www.bipm.fr/en/3 SI">radian</gml:identifien
<gn{l YquantityType>plane angle</gml:quantityType>
©ml:catalogSymbol codeSpace="http://www.bipm.fr/en/3 SI">rad</
gml : catal dgssmrbot
<gml:derivationUnitTerm uom="#m" exponent="1"/>
<gml:derivationUnitTerm uom="#m" exponent="-1"/>
</gml:DerivedUnit>
</gml:dictionaryEntry>
<l== ==
</gml:Dictionary>
</gml:dictionaryEntry>
<gml:dictionaryEntry>
<gml:Dictionary gml:id="ConventionalUnitsDictionary">
<gml:description>A collection of Conventional Units. These are units of measure
which are either widely used or important within a specific community. For most of these
there 1is
1. a known derivation from more primitive units, which may or may not be SI Base Units, or
2. a known conversion to a preferred unit, which may or may not be an SI Base or Derived
unit, through rescaling and offset,

Q.
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or both.</gml:description>
<gml:identifier codeSpace="http://www.opengeospatial.org/
initiatives/?1iid=79">0WS-1.2 Conventional units.</gml:identifier>
<gml:dictionaryEntry>
<gml:DerivedUnit gml:id="m3">
<gml:identifier codeSpace="http://www.opengeospatial.org/
initiatives/?iid=79">cubic metre</gml:identifier>
<gml:quantityType>Volume</gml:quantityType>
<gml:derivationUnitTerm uom="#m" exponent="3"/>
</gml:DerivedUnit>
</gml:dictionaryEntry>
<gml:dictionaryEntry>
<gml:ConventionalUnit gml:id="1">
<gml:identifier codeSpace="http://www.opengeospatial.org/
inifiatives/?2iid=79">litre</gml:identifier>
<gml:quantityType>Volume</gml:quantityType>
<gml:conversionToPreferredUnit uom="#m3">
<gml:factor>0.001</gml:factor>
</gml:conversionToPreferredUnit>
</gml:ConventionalUnit>
</gml:dictionaryEntry>
<l== L -=>
</gml:Dictionary>
<fgml:dictionaryEntry>
</gpl:Dictionary>

16.3 Measures schema

16.8.1 Overview

gmlfMeasureType is defined in the basicTypes schema; The measure types defined here ¢orrespond
with a set of convenience measure types described in ISO 19103. The XML implementatign is based
on fhe XML Schema simple type “double” whichisupports both decimal and scientific nofation, and
includes an XML attribute “uom” which refers\to’the units of measure for the value. Note that, there is
no requirement to store values using any pasticular format, and applications receiving elempnts of this
typg may choose to coerce the data to any other type as convenient.

NOTE The schema document for specific measure types is identified by the following location-independent
nanje (using URN syntax):

— |urn:ogc:specification:gml:schema-xsd:measures:3.2.1

16.8.2 measure

Thik is the value ofaphysical quantity, together with its units. It is declared as follows:

element name="measure" type="gml:MeasureType"/>
See|8.2.3.6 forjthe definition of gml :MeasureType.

16.8.3" Scalar measure types

A set of specific measure types are defined as vacuous extensions (i.e. aliases) of gm1:MeasureType. A
prototypical definition is as follows:

<complexType name="LengthType">
<simpleContent>
<extension base="gml:MeasureType"/>
</simpleContent>
</complexType>

This content model supports the description of a length (or distance) quantity, with its units. The unit
of measure referenced by uom shall be suitable for a length, such as metres or feet.

The other measuretypesthatare defined followingthis patternare: gm1:ScaleType,gml:GridLengthType,
gml:AreaType,gml:VolumeType,gml:SpeedType,gml:TimeType,and<gml:AngleType.

EXAMPLE Elements using these content models can appear in a data instance as follows:
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<my:
<my:scale

<my:
<my:

<my:

<my:

6-1:2020(E)

length uom="m">1.76</my:length>

uom="#percent">20.</my:scale>

gridLength uom="#pixelSpacing">480</my:gridLength>
gridLength uom="#imageHeight">0.00208333333333</my:gridLength>

area uom="#ha">1.76</my:area>

volume uom="1">0.45</my:volume>

<gml:angle uom="#gradians">95.</gml:angle>

<my:time

NOTE

|

om="#minutes">30.</my:time>
ote that the last element in the example addresses the same functional requirements as the €lem

ents

in the gml :AbstractTimeLength substitution group, defined in Clause 14.
16.3.4 angle
The gml:apgle property element is used to record the value of an angle quantity‘as a single numper,
with its unfits. It is declared as follows:

<elemeft name="angle" type="gml:AngleType"/>
16.4 Value objects schema
16.4.1 Infroduction
The elemgnts declared in this clause build on other GML schema components, in particplar
gml:AbstrdctTimeObject, gml:AbstractGeometry, and the following types: gml:MeasureTfpe,
gml :MeasufelListType,gml:CodeType,gml:CodeOrNilReaseraListType,gml:BooleanOrNilReasonListTlype,
gml:InteggrOrNilReasonList.
Of particular interest are elements that are the:leads of substitution groups, and one named chpice

group. The

the definit
types to o
and where
include quz:
of these.

NOTE1 1]
Annex C. It i

urn:og

NOTE 2
models are

’

16.4.2 Value

se are the primary reasons for the value objects schema, since they may act as variable
on of content models, such as Qbservations, when it is desired to permit alternative v
ccur some of which may have complex content such as arrays, geometry and time objg
it is useful not to prescribe‘thé actual value type in advance. The members of the grd
intities, category classifications, boolean, count, temporal and spatial values, and aggreg

'he schema document)valueObjects.xsd describing the components for generic values is liste
s identified by thefellowing location-independent name (using URN syntax):

:specificationigml:schema-xsd:valueObjects:3.2.1

n general not derived from gml:AbstractGMLType and they do not carry an identifier.

s in
hlue
cts,
ups
htes

d in

he elements declared in this schema are used for the direct representation of values. Their content

noaalamant hiararchy

I IITICII T IIICTOr CIr

The value objects are defined in a hierarchy. The conceptual model is shown in D.3.15.

The follow

ing relationships are defined:

the abstract element gml : AbstractScalarvalue.

substitutable for the abstract element gml:AbstractScalarvalueList.
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— Abstract elements gml:AbstractScalarvalue and gml:AbstractScalarvValueList, and concrete
elements gml:CompositeValue, gml:ValueExtent, gml:CategoryExtent, gml:CountExtent and
gml:QuantityExtent are substitutable for abstract element gml:Abstractvalue.

— Abstract elements gml:AbstractValue, gml:AbstractTimeObject and gml:AbstractGeometry, and
concrete element gml:Null (deprecated) are all in a choice group named gm1:value, which is used for
compositing in gm1: Compositevalue and gml:vValueExtent.

— Schemas which need values may use the abstract element gm1:2bstractvalue in a content model
in order to permit any of the gml:AbstractScalarValues, gml:AbstractScalarValuelists,
gml : CompositeValue O gml:ValueExtent to occur in an instance, or the named group gm1:value to
also permit gml : AbstractTimeObjects, gml:AbstractGeometrys, and gml:Nulls (depreegted).

16.4.3 Boolean, BooleanList

For|recording a value or list of values from two-valued logic, using the XML Schefta boolean fype; these
elethents use the following schema declarations:

element name="Boolean" substitutionGroup="gml:AbstractScalarValue" nillable='|true">
<complexType>
<simpleContent>
<extension base="boolean">
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
</complexType>
/element>
element name="BooleanList" type="gml:booleanOrNilReasonList"
substitutionGroup="gml:AbstractScalarValuelasL"/>

gmlfbooleanOrNilReasonList iS described in 8.2.4.1:
EXAMPLE In an instance the following examples’can be found:
<gm]. :Boolean>1</gml:Boolean>

<gm]. :Boolean>false</gml:Boolean>

<gmf. :Boolean xsi:nil="true” nilReason="missing”/>

<gm[ :BooleanList>1 missing 0 1 1 http://my.big.org/explanations/theDogAteIt01</
gmlfBooleanList>

NOTE These examplesillustrate the use of the various Boolean values {1, 0, true, false} and also fhe fact that
nilRleason values suchas*missing” or a URI can be embedded within a list.

16.4.4 Categary, CategoryList

Forfrecording terms representing a classification. These elements use the following schema dgclarations:

€lement name="Category" substitutionGroup="gml:AbstractScalarValue" nillableg"true">

Laat e Tz
g g

<simpleContent>
<extension base="gml:CodeType">
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
</complexType>
</element>

<element name="CategoryList" type="gml:CodeOrNilReasonListType"
substitutionGroup="gml:AbstractScalarValuelList"/>

A gml:Category has an optional XML attribute codeSpace, whose value is a URI which identifies a
dictionary, codelist or authority for the term.

EXAMPLE In an instance the following examples can be found:
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<gml:Category>good</gml:Category>

<gml:Category xsi:nil="true” nilReason="missing”/>

<gml:Category codeSpace="http://my.big.org/dictionaries/rocktypes">Syenite</gml:Category>

<gml:CategoryList codeSpace="http://my.big.org/dictionaries/rocktypes">Syenite Granite

missing Tuff</gml:CategoryList>

<gml:CategoryList codeSpace=“http://my.big.org/species“>bettong numbat phasogale wallaby

possum</ gml:CategoryList>

16.4.5 Copmt,Courtkist

For recordiing integers representing a rate of occurrence. These elements use the following“s¢h

declarations:

<element name="Count" substitutionGroup="gml:AbstractScalarValue" nillable&¥true">

<complexType>
simpleContent>
<extension base="integer">
<attribute name="nilReason" type="gml:NilReasonType" />
</extension>
/simpleContent>
</c¢mplexType>
</elem¢nt>
<elemenpt name="CountList" type="gml:integerOrNilReasonLisi\
substifutionGroup="gml:AbstractScalarValueList"/>
EXAMPLE In an instance the following examples can be found:

<gml:Counf>513</gml:Count>
<gml:Count xsi:nil="true” nilReason="missing”/>

<gml:CounfList>34 56 2 inapplicable 153</gml:CountList>
16.4.6 Quantity, QuantityList

For recordiing numeric values with a scal€é. ;The content of the element is an amount using the }
Schema type double which permits decimal or scientific notation. These elements use the follow

schema de¢larations:

<element name="Quantity" sukstitutionGroup="gml:AbstractScalarValue" nillable="true"|

<copplexType>
simpleContent>
<extension Wase="gml:MeasureType">
<attribQté& name="nilReason" type="gml:NilReasonType"/>
</extension®>
/simpleContent>
</cemplexTyre>
</elemgnt>
<elemenpt manfe="QuantityList" type="gml:MeasureOrNilReasonListType"
substifutionGroup="gml:AbstractScalarvValueList"/>

a- 111 Lol 2 oo
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of a ratio scale or units by which the numeric value shall be multiplied, or an interval or position scale

on which the value occurs.

EXAMPLE In an instance the following examples can be found:
<gml:Quantity uom="m">4.32e-4</gml:Quantity>
<gml:Quantity xsi:nil="true” nilReason="withheld”/>

<gml:QuantityList uom="#C">21. 37. withheld 25.</gml:QuantityList>
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16.4.7 AbstractValue, AbstractScalarValue, AbstractScalarValueList

gml:Abstractvalue is an abstract element which acts as the head of a substitution group which contains
gml:AbstractScalarValue, gml:AbstractScalarValuelist, gml:CompositeValue and,gml:ValueExtent,

and

(transitively) the elements in their substitution groups.

gml:AbstractScalarValue iS an abstract element which acts as the head of a substitution group which
contains gml:Boolean, gml:Category, gml:Count and gml:Quantity, and (transitively) the elements in

thei

r substitution groups.

gml:AbstractScalarValueList is an abstract element which acts as the head of a substitution group

which contains gml:BooleanList, gml:CategoryList, gml:CountList and gml:Quant.it]
(transitively) the elements in their substitution groups.

Thd

Thd
any

16.

Thi
tem

valges. This element uses the following schema deg¢laration:

<

<

16.

Elements that instantiatés a GML property which refers to, or contains, a Value or Values; thes

use

<el

<el

<co

se elements use the following schema declarations:

element name="AbstractValue" type="anyType" abstract="true"
substitutionGroup="gml:AbstractObject"/>

element name="AbstractScalarValue" type="anyType" abstract="txuel'
EubstitutionGroup="gml:AbstractValue"/>

element name="AbstractScalarValuelList" type="anyType" abstragt="true"
substitutionGroup="gml:AbstractValue"/>

se elements may be used in an application schema as variables, so.that in an XML instancg

member of its substitution group may occur.

1.8 Value

5 is a convenience choice group which unifies generic values defined in this clause with
poral objects and the measures described above;‘so that any of these may be used withir

hroup name="Value">

<choice>
<element ref="gml:AbstractValue'"7>
<element ref="gml:AbstractGefmetry"/>
<element ref="gml:AbstracfTimeObject"/>
<element ref="gml:Null"/>

</choice>

group>

1.9 valueProperty, valueComponent, valueComponents

the following sehiema declarations:
bment names'walueProperty" type="gml:ValuePropertyType"/>
Ement «amé="valueComponent" type="gml:ValuePropertyType"/>

hplexType name="ValuePropertyType">

I ist, and

document

Epatial and
aggregate

e elements

sedquence minOccurs="0">

<group ref="gml:Value"/>

</sequence>

<attributeGroup ref="gml:AssociationAttributeGroup"/>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="valueComponents" type="gml:ValueArrayPropertyType"/>

<complexType name="ValueArrayPropertyType">
<sequence maxOccurs="unbounded">

<group ref="gml:Value" />

</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

©IS
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Note that both gml:valuePropertyType and gml:ValueArrayPropertyType have the group named
gml:Value as their content. This means that any of the elements in the gm1:value choice group, or in the
substitution groups of the members of the choice group may occur as the content of a value property.

The gm1:valueProperty element is a convenience element for general use. The gm1:valuecomponent and
gml:valueComponents elements are specifically used in compositing.

16.4.10CompositeValue

gml:Compositevalue is an aggregate value built from other values . It contains zero or an arbitrary
number of gul :valueComponent elements _and zero or one gml -valueComponent property elements. It

may be us

This element uses the following schema declarations:

<element name="CompositeValue" type="gml:CompositeValueType"

substi

<comple

tutionGroup="gml:AbstractValue"/>

¥Type name="CompositeValueType">

<compl}exContent>
<extension base="gml:AbstractGMLType">

<

<
<
</e

$equence>

<element ref="gml:valueComponents" minOccurs="0"/>
sequence>
ttributeGroup ref="gml:AggregationAttributeGroup"/%
f¥tension>

</complexContent>

</compl
EXAMPLE

<gml:Comp
<gml:va
<gml:

¢xType>
In an instance a gm1: CompositeValue can appear as,in the following examples:

siteValue>
JueComponent>
uantityList uom="#C">21. 37. withheld\\?5.</gml:QuantityList>

</gml:vglueComponent>

<gml:va
<gml:

JueComponent>
ategory>good</gml:Category>

</gml:vglueComponent>

<gml:va
<gml:

JueComponent>
ount xsi:nil="true” nilReason="missing”/>

</gml:vglueComponent>

<gml:va
<gml:

JueComponents>
Point srsName="http:/Ywww.opengis.net/def/crs/EPSG/0/4326">

<gm}:pos>71. -32.</gml:pos>

</gml
<gml:

Point>
Point srsName="ttp://www.opengis.net/def/crs/EPSG/0/4326">

<gm] :pos>70. -35</gml:pos>

</gml
<gml:

Point>
Point srgNafe="http://www.opengis.net/def/crs/EPSG/0/4326">

<gm] :pos>74% )37 .</gml:pos>

</gml
</gml:v

Poing>
lugCdmponents>

</gml:Compdsitevalue>

<gml:Comp

<gml:va
<gml:
<gm
</gml
<gml:
<gml:
<gm
</gml
<gml:
<gml:
<gml:
<gml:
<gml:

164

ed for strongly coupled aggregates (vectors, tensors) or for arbitrary collections of val

<element ref="gml:valueComponent" minOccurs="0" maxOccurss™unbounded"/>

L1es.

ositeValue>

lueComponents>
Point srsName="http://www.opengis.net/def/crs/EPSG/0/4326">

l:pos>-67.563 -13.834</gml:pos>
:Point>

Quantity uom="#km">632.</gml:Quantity>
TimeInstant>

l:timePosition>1994-06-09T00:33:16.4</gml:timePosition>
:TimeInstant>

Quantity uom="#mom">-1.00</gml:Quantity>

Quantity uom="4#mom">0.92</gml:Quantity>

Quantity uom="#mom">0.09</gml:Quantity>

Quantity uom="#mom">-1.69</gml:Quantity

Quantity uom="#mom">-0.09</gml:Quantity>
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<gml:Quantity uom="#mom">-0.37</gml:Quantity>

</gml:valueComponents>
</gml:CompositeValue>

16.4.11ValueArray

A Value Array is used for homogeneous arrays of primitive and aggregate values.

The member values may be scalars, composites, arrays or lists. This element uses the following schema
declarations:

<element name="ValueArray" type="gml:ValueArrayType"

sub

<sc
ope

ref

[4)
Q
o3

<co

</c

<at

</a

Val

- name (../*[1])])">All components shall besof’the same type</sch:assert>
</sch:rule>

/sch:pattern>

/sch:schema>

hplexType name="ValueArrayType">
<complexContent>
<extension base="gml:ComposikteéValueType">
<attributeGroup ref="gml:referenceSystem"/>
</extension>
</complexContent>
bmplexType>

fributeGroup name=/TeferenceSystem">

<attribute names"codeSpace" type="anyURI" />
<attribute name="tom" type="gml:UomIdentifier" />
FtributeGroup>

eArray has)the same content model as CompositeValue, but the member value

homogeneous,\'The element declaration contains a Schematron constraint which expi
resfriction precisely. Since the members are homogeneous, the gml:referencesystem (uom,
may be specified on the gm1:valuearray itself and inherited by all the members if desired.

EXAMPLE 1

st dtuatd r\n(‘rr\np:"mm'l -(“r\mpmc'i teoValus"
h:schema xmlns:sch="http://purl.oclc.org/dsdl/schematron" xmlns:gml="http:!//wyw.
hgis.net/gml/3.2" xmlns:xlink="http://www.w3.0rg/1999/x1ink" xml:lang="eRn'>
sch:title>Schematron constraints for GML / ISO 19136</sch:title>
sch:ns prefix="sch" uri="http://purl.oclc.org/dsdl/schematron"/>
sch:ns prefix="gml" uri="http://www.opengis.net/gml/3.2"/>
sch:pattern>
<sch:rule context="gml:ValueArray">
<sch:assert test="not (GcodeSpace and @uom)">ValueArray,may not carry bofth a
brence to a codeSpace and a uom</sch:assert>
</sch:rule>
/sch:pattern>
sch:pattern>
<sch:rule context="gml:ValueArray">
<sch:assert test="count (gml:valueComponent/#)& count (gml:valueComponentl/* [name ()
bme (. ./../gml:valueComponent[1]/*[1])])">All components shall be of the same fjype</
tassert>
<sch:assert test="count (gml:valueComponernts/*) = count (gml:valueComponernts/* [name

5 shall be
esses this
:odeSpace)

The gml:vValueArray element can appear in instances as follows. In the first exaniple a set of

points are each the value of a gm1 :valueComponent property. One of the values is provided by-reference, using
the standard xlink:href syntax:

<gml:ValueArray>
<gml:valueComponent>

<gml:Point srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:pos>-32. 71.</gml:pos>
</gml:Point>

</gml:valueComponent>
<gml:valueComponent>

<gml:Point srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:pos>-35. 70.</gml:pos>
</gml:Point>

</gml:valueComponent>
<gml:valueComponent xlink:href="http://my.big.org/locations/points/point456"/>
</gml:ValueArray>
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EXAMPLE 2  Inthe second example a set of quantities are contained within a gml : valueComponents property.
One of the values is not available, indicated by a nil value:

<gml:ValueArray>
<gml:valueComponents>
<gml:Quantity uom="#C">21.</gml:Quantity>
<gml:Quantity uom="#C">37.</gml:Quantity>
<gml:Quantity xsi:nil="true" nilReason="missing”/>
</gml:valueComponents>
</gml:ValueArray>
EXAMPLE 3  Note that a gml:AbstractScalarvValueList is usually preferred for arrays of scalar values
since this is a more efficient encoding. The information in the previous example may be expressed:

<gml:QuanfityList uom="#C">21. 37. missing</gml:QuantityList>
However, if the values of the components are not scalars, then the explicit form is required.

16.4.12Typed ValueExtents: CategoryExtent, CountExtent, QuantityExtent

Three elements are provided for typed value extents, for categories, counts and ‘quantities. Their
content madels are defined by restricting the relevant scalar list types to contain“exactly two itemis as
follows:

<element pame="CategoryExtent" type="gml:CategoryExtentType"
substitufionGroup="gml:Abstractvalue"/>

<complexType name="CategoryExtentType">
<simpleContent>
<regtriction base="gml:CodeOrNilReasonListType">
<length value="2"/>
</r¢striction>
</simpleContent>
</complgxType>

<elemenf name="CountExtent" type="gml:CountExtentType"
substifutionGroup="gml:Abstractvalue"/>

<simpleType name="CountExtentType">
<resttiction base="gml:integerOrNi¥IR€asonList">
<length value="2"/>
</restriction>
</simplgType>

<element name="QuantityExtent® type="gml:QuantityExtentType"
substifutionGroup="gml:AbsfractValue"/>

<complexType name="QuandityExtentType">
<simpleContent>
<regtriction basSeé="gml:MeasureOrNilReasonListType">
<length valye="2"/>
</r¢stricriow>
</simpleContent>
</complgxType>

A gml:ouarftiDyExtent element or another element using this type will contain two values and a scdle.

EXAMPLE1 <gml:QuantityExtent uom="#mm”>0. 9.5</gml:QuantityExtent>

An element of gml :CategoryExtentType is useful if the codespace defines a set of ordered terms.

EXAMPLE 2
<my:AgeRange codeSpace="http://iugg.org/geologicalPeriods”>

Cambrian Devonian
</my:AgeRange>

Any value extent may describe a single-ended interval by using a NilReason value for one of the limits.

EXAMPLE 3

<gml:CountExtent>53 inapplicable</gml:CountExtent>
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describes the integers starting with 53.

16.4.13BooleanPropertyType, CategoryPropertyType, CountPropertyType,
QuantityPropertyType

A set of convenience types (gml:BooleanPropertyType, gml:CategoryPropertyType,
gml:CountPropertyType, gml:QuantityPropertyType) are provided for properties whose content is a
specific member of the gml : AbstractScalarvalue substitution group. Their definitions follow the same
pattern, as exemplified by the definition of gm1:BooleanPropertyType:

<complexType name="BooleanPropertyType">
<sequence minOccurs="0">
<element ref="gml:Boolean"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<fcomplexType>

17|GML schema — Directions

171 Direction schema

The direction schema components provide the GML application schema developer with  standard
property element to describe direction, and associated objects that may be used to express qrientation,
dirgction, heading, bearing or other directional aspects of gedgraphic features.

NOTE The corresponding schema document is identified bythe following location-independent hame (using
URN syntax):

— |urn:ogc:specification:gml:schema-xsd:direction:3.2.1

17.2 direction, DirectionPropertyType

The property gml1:direction is intended\as a predefined property expressing a direction to lje assigned
to features defined in a GML applicatienschema. It is declared as follows:

element name="direction"gtype="gml:DirectionPropertyType"/>

complexType name="DirectionPropertyType">
<sequence minOccurs="0">
<choice>
<elementomame="DirectionVector" type="gml:DirectionVectorType"/>
<eleménts name="DirectionDescription" type="gml:DirectionDescriptionType"/>
<eldmgiit name="CompassPoint" type="gml:CompassPointEnumeration"/>
<ellenfent name="DirectionKeyword" type="gml:CodeType"/>
<Jgtement name="DirectionString" type="gml:StringOrRefType"/>
<Jchoice>
</s€guence>
LattributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

sompnloxTyuno
The two alternative kinds of direction specifications, a vector or a description, are specified in the
following subclauses.

17.3 DirectionVectorType

Direction vectors are specified by providing components of a vector as follows:

<complexType name="DirectionVectorType">
<choice>
<element ref="gml:vector"/>
<sequence>
<element name="horizontalAngle" type="gml:AngleType"/>
<element name="verticalAngle" type="gml:AngleType"/>
</sequence>
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</choice>
</complexType>

The gml :vector element is described in 10.1.4.5.
EXAMPLE This form can appear in a data instance as follows:

<gml:direction>
<gml:DirectionVector>
<gml:vector srsName="#wgs84">0.0 45.0</gml:vector>
</gml:DirectionVector>
</gml:direction>

The use of the alternative representation via angles has been deprecated, gml:vector shall be used instead.

17.4 DireJctionDescriptionType

Direction dlescriptions are specified by a compass point code, a keyword, a textual desgription pr a
reference to a description. The gml:DirectionDescriptionType elementis declared as follows:

<complexType name="DirectionDescriptionType">
<choig¢e>
<elg¢ment name="compassPoint" type="gml:CompassPointEnumeration" />
<el¢ment name="keyword" type="gml:CodeType"/>
<elgment name="description" type="string"/>
<elgment name="reference" type="gml:ReferenceType"/>
</chojce>
</complgxType>

A gm1:comgdassPoint is specified by a simple enumeration string type that is declared as follows:

<simpleTlype name="CompassPointEnumeration">
<restyiction base="string">
<enymeration value="N"/>
<enymeration value="NNE"/>
<enymeration value="NE"/>
<enymeration value="ENE"/>
<enymeration value="E"/>
<enymeration value="ESE"/>
<enymeration value="SE"/>
<enymeration value="SSE"/>
<enymeration value="S"/>
<enymeration value="SSW"/>
<enymeration value="SW"/>
<enymeration value="WSW" />
<enymeration value="W"/>
<enymeration value="WNW"/>
<enymeration value={NW"/>
<enymeration valud="NNW"/>
</restriction>
</simplgType>
These dirdctions are \hecessarily approximate, giving direction with a precision of 22.5° It is thus
generally ynnecessary to specify the reference frame, though this may be detailed in the definition|of a

GML applidation\language.

EXAMPLE 1 This form can appearin a data instance as follows:

<gml:direction>
<gml:DirectionDescription>
<gml :compassPoint>WNW</gml:compassPoint>
</gml:DirectionDescription>
</gml:direction>

In addition, the elements to contain text-based descriptions of direction are provided.

If the direction is specified using a term from a list, gm1 : keyword should be used, and the list indicated
using the value of the codeSpace attribute.

EXAMPLE 2  This form can appear in a data instance as follows:

<gml:direction>
<gml:DirectionDescription>
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<gml:keyword codeSpace="http://my.big.org/terms/direction">onshore</gml:keyword>
</gml:DirectionDescription>
</gml:direction>
If the direction is described in prose, gm1:direction or gml:reference should be used, allowing the value
to be included inline or by reference.

EXAMPLE 3  This form can appear in a data instance as follows:

<gml:direction>
<gml:DirectionDescription>
<gml:direction>Towards the lighthouse</gml:direction>
</gml:DirectionDescription>
</gm1.fuv tion

<gmf :direction>

<pml:DirectionDescription>

<gml:reference xlink:href="http://my.big.org/logbook/20021127/paragraphd™ />
<fgml:DirectionDescription>

</gpl:direction>

18|GML schema — Observations

18.1 Observations

A QML observation models the act of observing, often with‘a camera, a person or sorhe form of
insrument. An observation feature describes the “metadataj associated with an information capture
event, together with a value for the result of the observation. This covers a broad range of cases,
including tourist photos (not the photo but the act of taking the photo).

NOTE This schema is primarily intended to serve for{simple" observations. Schemas for scientiffic, technical
and|engineering observations and measurements will\typically require the development of a GML application

schg¢ma for such observations. See, for example, the Observations and Measurements specification fr¢m the Open
Geoppatial Consortium.

18.2 Observation schema

18.2.1 Overview
Thig clause describes two kinds of observations, gml:0bservation and gml:DirectedObservdtion.

NOTE Observationsaredescribed in the schema document observations.xsd. The schema is identified by the
follgwing location-independent name (using URN syntax):

— |urn:ogc:specification:gml:schema-xsd:observation:3.2.1

18.2.2 Observation

Thg grflsObservation element is declared in the schema as follows:

<element name="Observation" type="gml:0ObservationType"
substitutionGroup="gml:AbstractFeature"/>

<complexType name="ObservationType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<element ref="gml:validTime"/>
<element ref="gml:using" minOccurs="0"/>
<element ref="gml:target" minOccurs="0"/>
<element ref="gml:resultOf"/>
</sequence>
</extension>
</complexContent>
</complexType>
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The content model is a straightforward extension of gml:abstractFeatureType; it automatically has
the gml:identifier, gml:description, gml:descriptionReference, gml:name, and gml:boundedBy
properties.

The gml:validTime element is declared in 14.2.1.3. In this context it describes the time of the
observation. Note that this may be a time instant or a time period.

EXAMPLE Some examples of simple observations are as follows:

<gml:Observation>
<gml:validTime>
<gml:TimeInstant>
<gm]:timePosition>2002-11-12T09:12:00</gml:timePosition>
</gml{TimeInstant>
</gml:validTime>
<gml:using xlink:href="http://www.my.org/sensors/thermometerd" />
<gml:target xlink:href="http://www.environment.org/stations/1456"/>
<gml:regultOf>
<gml:Quantity uom="#C">18.4</gml:Quantity>
</gml:rg¢sultOf>
</gml:Obsg¢rvation>

<gml:Obsegvation>
<gml:validTime>
<gml:TimeInstant>
<gm]:timePosition>2002-11-12T09:12:00</gml:timePosition>
</gml{TimeInstant>
</gml:v3lidTime>
<gml:uslng xlink:href="http://www.my.org/cameras/leica2l/>
<gml:sulbject xlink:href="http://www.tourist.org/sightsy/mountain3"/>
<gml:regultOf xlink:href="http://www.my.org/photos/tléndscapel.jpg"/>
</gml:Obs¢rvation>

<gml:Obsegvation>
<gml:validTime>
<gml:TimeInstant>
<gm]:timePosition>2002-10-25T11:37:26</gml:timePosition>
</gml{TimeInstant>
</gml:validTime>
<gml:sulbject xlink:href="http://www.people.org/kids/abby"/>
<gml:regultOf xlink:href="myDaughtersPortrait.jpg"/>
</gml:Obsg¢rvation>

18.2.3 using

The gml:uding property centains or references a description of a procedure (such as a camera) used for
the observhtion. It is declared as follows:

<elemenf name="431ng" type="gml:ProcedurePropertyType"/>

<complexType\ mame="ProcedurePropertyType">
<sequ¢nee\minOccurs="0">
<elgment ref="gml:AbstractFeature"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

18.2.4 target

The gml:target property contains or references the specimen, region or station which is the object of
the observation. This property element is declared in the schema as follows:

<element name="target" type="gml:TargetPropertyType"/>
<element name="subject" type="gml:TargetPropertyType" substitutionGroup="gml:target"/>

<complexType name="TargetPropertyType">
<choice minOccurs="0">
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<element ref="gml:AbstractFeature"/>

<element ref="gml:AbstractGeometry"/>
</choice>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/complexType>

This property is particularly useful for remote observations, such as photographs, where a generic
location property might apply to the location of the camera or the location of the field of view, and thus
may be ambiguous.

The gml:subject element is provided as a convenient synonym for gml:target. This is the term
commonly used in photography.

gml
spe
pro

distfance to the observation point (remote sensing) gml:DirectedObservation shoGld be used.

relative direction and distance are known, gml : DirectedoObservationAtDistance.Should be use
EXAMPLE An application defined observation feature type with a location of the observation pd
spegified as

perty, e.g. with a point as a value. In the case where the target has a known direction b

Observation does not contain a predefined location property. If the schema developel wishes to
Cify a concrete location for the observation point (location of the sensor) would do sothrough alocation

unknown
Where the
d.

int could be

<elpment name="ObservationWithSensorLocation" type="app:0bservationWithSensorLocdtionType"
supstitutionGroup="gml:Observation"/>
<pomplexType name="ObservationWithSensorLocationTypel=
<complexContent>
<extension base="gml:0ObservationType">
<sequence>
<element name="positionOfSensor" type="gnl:PointPropertyType"/>
</sequence>
</extension>
</complexContent>
<fcomplexType>
18.2.5 resultOf
The gml:resultof property indicates(the result of the observation. The value may be inline, or a
refdrence to a value elsewhere. It isdeclared in the schema as follows:

<

<

EXA
pres

Element name="resultOf" &«ype="gml:ResultType"/>

ComplexType name="ResulitType'">
<sequence minOccurss"0">

<any namespace=Z##any” />
</sequence>
<attributeGpoup’ ref="gml:OwnershipAttributeGroup"/>
<attributeGrotp ref="gml:AssociationAttributeGroup"/>
complexTyipe>

MPLE A result property with a gml:DataBlock recording the observation of a temper{
sure hieasurement.

ture and a

gml :DataBlock

<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="Cel">template</Temperature>
<Pressure uom= kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositeValue>
</gml:rangeParameters>
<gml:tupleList>3,101.2</gml:tuplelList>
</gml:DataBlock>

18.2.6 DirectedObservation

A gml:DirectedObservation is the same as an observation except that it adds an additional
gml:direction property. This is the direction in which the observation was acquired. Clearly this
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applies only to certain types of observation such as visual observations by people, or observations

obtained fr

om terrestrial cameras.

<element name="DirectedObservation" type="gml:DirectedObservationType"
substitutionGroup="gml:0Observation"/>

<complexType name="DirectedObservationType">
<complexContent>
<extension base="gml:ObservationType">
<sequence>

</
</e

<element ref="gml:direction"/>
sequence>

L

</comj
</complq

EXAMPLE

<gml:Dire
<gml:va]
<gml:]
<gm]

</gml
</gml:v
<gml:us]
<gml:taj
<gml:req
<gml:dij
<gml:]]
<gm]
gml:vecto]
</gml
</gml:d]
</gml:Dirg

18.2.7 Di

gml:Direct
the observ
such as vis

<element 1
sub

<complej
<comp]
<exf

<

<

</ef

</ comy
</complg
EXAMPLE

lexContent>
xType>

tedObservation>

idTime>

imeInstant>
:timePosition>2002-11-12T09:12:00</gml:timePosition>
TimeInstant>

1idTime>

ng xlink:href="http://www.my.org/cameras/leica2"/>

get xlink:href="http://www.tourist.org/sights/mountadn3*/>
ultOf xlink:href="http://www.my.org/photos/landscagé&ls jpg"/>
ection>

irectionVector>

:vector srsName="http://www.opengis.net/def/ces)EPSG/0/4326">0.0 45.0</
>

DirectionVector>

rection>

ctedObservation>

rectedObservationAtDistance

edobservationAtDistance adds an-additional distance property. This is the distance f
br to the subject of the observatjen: Clearly this applies only to certain types of observa
al observations by people, or observations obtained from terrestrial cameras.

ame="DirectedObservatienAtDistance" type="gml:DirectedObservationAtDistanceTy]
titutionGroup="gml:DirectedObservation "/>

tType name="DirectedObservationAtDistanceType">
exContent>

ension base="gmd:DirectedObservationType">
equence>

<element pafmié="distance" type="gml:MeasureType"/>
sequencex

tensiohX

lexCentent>

xTAHpe>

fom
[ion

pen

<gml:DirectedObservationAtDistance>
<gml:validTime>
<gml:TimeInstant>
<gml:timePosition>2002-11-12T09:12:00</gml:timePosition>

</gml:

TimeInstant>

</gml:validTime>

<gml:using xlink:href="http://www.my.org/cameras/leica2"/>

<gml:subject xlink:href="http://www.tourist.org/sights/mountain3"/>
<gml:resultOf xlink:href="http://www.my.org/photos/landscapel.jpg"/>
<gml:direction>

<gml:DirectionVector>
<gml:vector srsName="http://www.opengis.net/def/crs/EPSG/0/4326">0.0 45.0</
gml:vector>

</gml:

DirectionVector>

</gml:direction>
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<gml:distance uom="m">16500.</gml:distance>
</gml:DirectedObservationAtDistance>

19

19.

GML schema — Coverages

1 The coverage model and representations

19.1.1 General remarks

Thi

ual model

out
Thd

Cov
whd
con
spa
irrej
ant
soil

The

a)
b)

The
rep
the
se
on ¢
ala

(s

The

s clause defines the GMI nnr‘nding for coverages. and is in :\grnnmnnf with the. concep

ined in ISO 19123.
Scope of ISO 19123:2005 provides a definition:

brages support mapping from a spatial, temporal or spatiotemporal domain to fedture attri
re feature attribute types are common to all geographic positions within the domain. A cover
bists of a collection of direct positions in a coordinate space that may be defined in terms of
lial dimensions as well as a temporal dimension. Examples of coverages include rasters, t
gular networks, point coverages and polygon coverages. Coverages are-tHe prevailing data s
mber of application areas, such as remote sensing, meteorology and'mapping of bathymetr)
and vegetation.

information describing a coverage is conventionally represented in one of two ways:
As a set of discrete location-value pairs.

As a description of the spatio-temporal domain¥(multi-geometry, grid) and a descriptio

value from the range set to each position within the domain.

first method only applies to domains that are partitioned into discrete compor
Fesentation may be realized in GML as-a homogeneous feature collection (i.e. all the fez
same set of properties), where the'set of locations from the features compose the dom
pf property values compose the range. The mapping from domain to range is trivial: the

F'ge set of locations this explicit representation may, however, be bulky:.
second method is more-flexible in a number of ways.

Since the domaini-and range are homogeneous sets, there may be efficiencies in the repi
of either or both domain and range.

The values'in the range may be represented in an analytic form rather than as discr
values;which is also related to the fact that as discrete explicit values.

When the attribute values vary continuously across the domain, a functional form cq

bute values
nge domain
up to three
[iangulated
ructures in
b elevation,

h of the set

of values from the range, together with a method or rule (which may be implicit) that assigns a

ents. This
tures have
in and the
properties

ach feature are assigned to.the location of that feature. For coverages whose domain is composed of

esentation

bte explicit

vering the

complete domainis reaquired to bhe able to nrovide values of the range at nr}'\ifwary loc

tions. The

1 o
function typically involves interpolation, possibly using a process model.

The first representation is typically used during data collection where a set or properties relating to a
single location are managed together, or update of a datastore where only a small number of features
are manipulated at one time. The second representation is more suitable for analysis, where spatio-
temporal patterns and anomalies within a specific property are of interest.

It is the second method, using a functional map over the whole domain, which is the subject of the GML
coverage encoding.
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19.1.2 Formal description of a coverage

A coverage incorporates a mapping from a spatiotemporal domain to a range set, the latter providing
the set in which the attribute values live. The range set may be an arbitrary set including discrete
lists, integer or floating point ranges, and multi-dimensional vector spaces. This conceptual model of a

coverage is described in Figure 4.

A coverage

{(x () Iy

This view i

the domain set A is partitioned into a collection of subsets (typically a disjoint collection) A = UA;

the functid
coverage ¢
range set.

of (topolog
thisisagm

19.1.3 Coyperage in GML

(attribute values)

(space, time)

Figure 4 — Conceptual model of a coverage

can be viewed as the graph of the coverage function f:A — B, that is@sthe set of ordered p
Fhere x is in A}

s especially applicable to the GML encoding of a coverage.\ln the case of a discrete cover

n f is constant on each A,. For a spatial domain, the’A; are geometry elements, hence
hn be viewed as a collection of (geometry,value) pairs, where the value is an element of
f the spatial domain A is a topological space then.the coverage can be viewed as a collec
y,value) pairs, where the topology element in.the pair is a topological n-chain (in GML te
| : TopoPoint, gml:TopoCurve, gml:TopoSurfiagée O gml: TopoSolid).

pirs

hoe,
and
the
the
fion

A coverage|is implemented as a GML feature. We can thus speak of a “temperature distribution featyre”,
or a “remotely sensed image feature”, ox.a “soil distribution feature”.
As is the cdse for any GML object, a-coverage object may also be the value of a property of a feature.
EXAMPLE The temperature distribution might be a property of a city feature (abc:City), so a descripftion
of the city ¢f Ottawa might be\répresented in GML as follows (here, abc:TempratureCoverage is a covefage
feature thaf]is a property of the€city feature):
<abc:City|gml:id = l0ftawa”>

<ab¢:populakidn>500000</abc:population>

<abg¢:temperafureDistribution>

abc:@emperatureCoverage> .. </abc:TemperatureCoverage>

</alpc:femperatureDistribution>
</abc:City>
NOTE Coverages In GML are supported by two schemas documents, coverage.xsd and grids.xsd. Coverages.

xsd provides the basic GML coverage model. Grids.xsd provides grid geometry structures that are used in the

description

of gridded coverages but which could be employed for other applications.

The schema document grids.xsd is identified by the following location-independent name (using URN syntax):

— urn:ogc:

specification:gml:schema-xsd:grids:3.2.1

The coverage.xsd schema document is identified by the following location-independent name (using URN syntax):

— urn:ogc:

All schema

174

specification:gml:schema-xsd:coverage:3.2.1

documents are listed in Annex C.
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19.1.4 Relationship with ISO 19123

The coverage components of the GML schema specified in this clause provide a conformant, partial
implementation of the ISO 19123 coverage schema. The relationship is discussed in detail in D.2.11.

The ISO 19123 coverage types implemented in GML are specified in ISO 19123; additional constraints
specified in ISO 19123 for these types are also constraints on the coverage components of the GML schema.

19.2 Grids schema

19.

An

int
gen
des

In G

19.

gml

<el
try

<el
sub

A

<
The
cur
The
diag
axe

- —Overview

mplicit description of geometry is one in which the items of the geometry do not €xplid
he encoding. Instead, a compact notation records a set of parameters, and a set-of obje
prated using a rule with these parameters. This clause provides grid geometries that are
Cription of gridded coverages and other applications.

ML two grid structures are defined, namely gm1:6rid and gml:Rectifikderid.

P.2 Grid

L Grid implements ISO 19123 CV_Grid (see D.2.11 and ISO 19123:2005, 8.3) and is defined

bment name="Grid" type="gml:GridType" substitutioA@roup="gml:AbstractImplicitd
l/>

Ement name="AbstractImplicitGeometry" type="gml:AbstractGeometryType" abstract

EtitutionGroup="gml:AbstractGeometry"/>
tomplexType name="GridType">
<complexContent>
<extension base="gml:AbstractGeometryType">
<sequence>
<element name="1limits" type="gml:GridLimitsType"/>
<choice>

<element name="axisLabels" type="gml:NCNameList"/>
<element name="axisName" type="string" maxOccurs="unbounded"/>
</choice>
</sequence>
<attribute name=Udimension" type="positivelInteger" use="required"/>
</extension>
</complexContent>
complexType>

yes in which the members of each set intersect the members of the other sets in an algor

region af interest within the grid is given in terms of its gm1:1imits, being the grid coo
ronallysopposed corners of a rectangular region. gml: axisLabels is provided with a list of 1
5 of€he grid (gml:axisName has been deprecated). gml:dimension specifies the dimension

itly appear
cts may be
used in the

as follows:

eome

="true"

gm1:Grid implicitly defines an unrectified grid, which is a network composed of two or npore sets of

thmic way.
rdinates of
hbels of the
f the grid.

AN ] 1 + PR : 1 : 1 sl
In (.IVILJ LUIC gl o 111 TS CICHITIU COLILAIILS a4 SHIZgIC gl - Gridrnvelope, I dLLUTUdIILT VWILIT U

schema definitions:

<complexType name="GridLimitsType">

<sequence>
<element name="GridEnvelope" type="gml:GridEnvelopeType"/>
</sequence>

</complexType>

<complexType name="GridEnvelopeType">

<sequence>
<element name="low" type="gml:integerList"/>
<element name="high" type="gml:integerList"/>
</sequence>

</complexType>

© IS0 2020 - All rights reserved
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The gml:low and gml:high elements are each gml:integerLists, which are coordinate tuples, the
coordinates being measured as offsets from the origin of the grid along each axis, of the diagonally
opposing corners of a “rectangular” region of interest.

EXAMPLE

The following example illustrates a simple Grid.

<gml:Grid dimension="2">

<gm

l:1limits>

<gml:GridEnvelope>

<

</g

<gm

</gml

In this exa

When a gr

center of the sample space (see ISO 19123:2005, 8.2.2).

19.2.3 Re|

A rectified
the coordipates of an external coordinate reference system. It is defined by specifying the positior]
some geon|

gml:Rectif

declared a

<element 1

<complejxType name="RectifiedGridType">
<compl}exContent>
<exfension base="gml:GridType">
<g$equence>
<element name="origin" type="gifily:PointPropertyType"/>
<element name="offsetVector| type="gml:VectorType" maxOccurs="unbounded"/>
< sequence>
</ejtension>
</complexContent>
</complgxType>
Note that the grid limits (post indeXes) and axis name properties are inherited from gml :GridType
that gm1:R¢ctifiedcrid adds@gml:origin property (contains or references a gml:Point) and a lig
gml:offsefvVector properti€s (specified using gm1:vectorType as its data type as described in 10.1.4

NOTE

<gml:low>0 0</gml:low>
<gml:high>3 3</gml:high>
/gml:GridEnvelope>

ITIimics
raxisLabels>x y</gml:axisLabels>
Grid>

mple the Grid has posts (points) at locations (0,0), (0,1),(1,0),(1,1) through to (3,3):

d point is used to represent a sample space (e.g. image pixel), the grid point@epresents

ctifiedGrid
grid is a grid for which there is an affine transformation betwéen'the grid coordinates

etric space) of the grid “origin” and of the vectors that speCify the post locations.

iedGrid implements ISO 19123 CV_RectifiedGrid (seeP:2.11 and ISO 19123:2005, 8.9) an]
follows:

ame="RectifiedGrid" type="gml:RectifiedGridType" substitutionGroup="gml:Grid"

ml:origin_amnd-the list of gml:offsetVector properties tie the grid to a position in geogra

the

and
(in

dis

and
t of
-.5).

phic

lese

space and ifdicate the-offset of cells along each axis. See ISO 19123:2005, 8.9.6, for a list of constraints on t
properties.

EXAMPLE 1| _“Figure 5 shows the geometry of a rectified grid.
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Key

pl

EXA

gml

gml

Not|
the

origin
h2  offset vectors

Figure 5 — RectifiedGrid Geometry

MPLE 2  Anexample instance of a gml:RectifiedGrid is as follows:

<gml:RectifiedGrid dimension="2">
<gml:limits>
<gml:GridEnvelope>
<gml:low>1 1</gml:low>
<gml:high>4 4</gml:high>
</gml:GridEnvelope>
</gml:1limits>
<gml:axisLabels>u v</gml:axisLabels>
<gml:origin>
<gml:Point gml:id="palindrome"
srsName="http://www.opengis.nét/def/crs/EPSG/0/4326">
<gml:pos>3 1.1</gml:pos>
</gml:Point>
</gml:origin>
<gml:offsetVector srsName=Vhttp://www.opengis.net/def/crs/EPSG/0/4326">—(
toffsetVector>
<gml:offsetVector srgName="http://www.opengis.net/def/crs/EPSG/0/4326">1
L of fsetVector>
</gml:RectifiedGrid>

e that in this example theTectified grid starts at integer offset 1 1 (value of 10w property)
origin as shown inFigure 6.

Key
0

origin

pl, p2 offset vectors

Figure 6 — RectifiedGrid with non-zero low limit
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19.3 Coverage schema

19.3.1 Ab

stractCoverageType, AbstractCoverage

The base type for coverages is gml : AbstractCoverageType, defined in the schema as follows:

<complexType name="AbstractCoverageType" abstract="true">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>

<element ref="gml:domainSet"/>

clement ref="coml -rangeSct "
- )

<

</ef

</ comy
</complg

The basice
and gml:rd
the gml:ra

The abstr{
ISO 19123:

<elemef
substif

This elemdq
is derived
where it is

19.3.2 Di

A discrete
set consist
of a finite
single spat
spatiotemy
domain to
coverages

<complg
<cor

</c
</comp]

sequence>
tension>
lexContent>
xType>

lements of a coverage can be seen in this content model: the coverage containsgm1 : domair
ngeset properties. The gml:domainset property describes the domain of the coverage
hgeset property describes the range of the coverage.

ict element gml:AbstractCoverage implements ISO 19123 CV_CoVerage (see D.2.11
2005, 5.3) and is declared as follows:

Lt name="AbstractCoverage" type="gml:AbstractCoverageZype" abstract="true"
utionGroup="gml:AbstractFeature"/>

nt serves as the head of a substitution group which mag)contain any coverage whose t
Tom gml : AbstractCoverageType. It may act as a variable in the definition of content mo
required to permit any coverage to be valid.

screteCoverageType, AbstractDiscreteCoverage

5 of either spatial or temporal geometry(objects, finite in number. The range set is compr
humber of attribute values each of which is associated to every direct position within
iotemporal object in the domajm:In other words, the range values are constant on ¢
oral object in the domain. This-coverage function maps each element from the covej
an element in its range. This\définition conforms to ISO 19123. The base type for disc
s DiscreteCoverageType, defined in the schema as follows:

xType name="DiscreteCoverageType">
plexContent>
extension base="“gml:AbstractCoverageType">
<sequence>,
<element/ref="gml:coverageFunction" minOccurs="0"/>
</sequence>
/extensdon>
mplexgontent>
exType>

The covera1geFunction element describes the mapping “f” as shown in Figure 4.

Set
And

and

ype
Hels

coverage consists of a domain set, range sét*and optionally a coverage function. The donpain

sed
any
ach
age
rete

The abstract element gml1:2bstractDiscreteCoverage implements ISO 19123 CV_DiscreteCoverage (see

D.2.11 and

[SO 19123:2005, 5.7) and is declared as follows:

<element name="AbstractDiscreteCoverage" type="gml:DiscreteCoverageType"

abstract='

'true"

substitutionGroup="gml:AbstractCoverage"/>

This eleme

nt serves as the head of a substitution group which may contain any discrete coverage.

19.3.3 AbstractContinuousCoverageType, AbstractContinuousCoverage

A continuous coverage as defined in ISO 19123 is a coverage that can return different values for
the same feature attribute at different direct positions within a single spatiotemporal object in its
spatiotemporal domain. The base type for continuous coverages is AbstractContinuousCoverageType,
defined in the schema as follows:

178
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<complexType name="AbstractContinuousCoverageType" abstract="true">
<complexContent>
<extension base="gml:AbstractCoverageType">
<sequence>
<element ref="gml:coverageFunction" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>
The coverageFunction element describes the mapping “f” as shown in Figure 4.

The abstract element gml:AbstractContinuousCoverage is declared as follows:

element name="AbstractContinuousCoverage" type="gml:AbstractContinuousCoveradeType"
bbstract="true" substitutionGroup="gml:AbstractFeature"/>

Thip element serves as the head of a substitution group which may contain any continuoys coverage
VthsetypeiS(kﬂivedfronlgml:AbstractContinuousCoverageType

19.8.4 domainSet, DomainSetType

The gml:domainset property element describes the spatio-temporal region of interest, withif which the
coverage is defined. Its content model is given by gm1 : DomainsetType WhicCh is defined as follpws:

Element name="domainSet" type="gml:DomainSetType"/>

A

A

FomplexType name="DomainSetType">
<sequence minOccurs="0">
<choice>
<element ref="gml:AbstractGeometry"/>
<element ref="gml:AbstractTimeObject"/>
</choice>
</sequence>
<attributeGroup ref="gml:OwnershipAttriputeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<fcomplexType>
Thevalue ofthe domain isthus a choice betweenagml :AbstractGeometryandagml :AbstractTimeObject.
In the instance these abstract elementswill normally be substituted by a geometry complex qr temporal

conjplex, to represent spatial coverages and time-series, respectively.

NOTE Spatiotemporal domains ‘are supported if the domain is described using a compound| coordinate
refefrence system, one of whose components is temporal. Otherwise, following the ISO 19100 series of
Intefrnational Standards, GML'does not support combined spatial-temporal domains.

The presence of the ‘gl :AssociationAttributeGroup means that domainSet follows the jusual GML
property model andmay use the xlink:hrefattribute to point to the domain, asan alternative tgdescribing
the|domain inline..@wnership semantics may be provided using the gm1 : ownershipattributfGroup.

19.8.5 rangeSet, RangeSetType

The gm1“rangeset property element contains the values of the coverage (sometimes called tHe attribute

- oa-JALD a ars nec J a QA -

<element name="rangeSet" type="gml:RangeSetType"/>

<complexType name="RangeSetType">
<choice>
<element ref="gml:ValueArray" maxOccurs="unbounded"/>
<element ref="gml:AbstractScalarValuelList" maxOccurs="unbounded"/>
<element ref="gml:DataBlock"/>
<element ref="gml:File"/>
</choice>
</complexType>
This content model supports a structural description of the range. The semantic information describing
the range set is embedded using a uniform method, as part of the explicit values, or as a template value

accompanying the representation using gml:pataBlock and gml:File.
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The values from each component (or “band”) in the range may be encoded within a gml:valuearray
element or a concrete member of the gml:AbstractScalarvValueList substitution group”). Use of these
elements satisfies the value-type homogeneity requirement.

19.3.6 DataBlock

gml:DataBlock describes the Range as a block of text encoded values similar to a Common Separated

Value (CSV

) representation. The content model is as follows:

<element name="DataBlock" type="gml:DataBlockType"
substitutionGroup="gml:AbstractObject"/>

<compld
<se

</ s9
</comp]

The range

xType name="DataBlockType">
fluence>
element ref="gml:rangeParameters"/>
choice>
<element ref="gml:tupleList"/>
<element ref="gml:doubleOrNilReasonTupleList"/>
/choice>
quence>
exType>

Get parameterization is described by the property gml: rangePararfeters.

19.3.7 rangeParameters

The gml:ra

<elemef

gml:rangel
descriptio
descriptio
through t

described 1

ngeParameters property is declared as follows:

Lt name="rangeParameters" type="gml:AssociatiofRoleType"/>

arameters provides a slot for the description ofithe range parameters. This may be a |
using a suitable record schema (see ISO 19103), or may carry a link to an external ra

e creation of a GML application schema-that may be based on the value objects scheme
n16.4.

19.3.8 tuplelList

Thegml:tL

<elemef
gml:Coord]
coordinate
by the cs o

The gml: ty

EXAMPLE
as follows:

pleList property is declared as follows:

bt name="tupleList".tyge="gml:CoordinatesType"/>
natesType is described in 9.1.4.5. It consists of a list of coordinate tuples, with ¢

" coordinate separator (comma).
pleList enéoding is effectively “band-interleaved”.

A set of pairs of temperature and pressure observations might be recorded in a gm1 : DataB]

pcal
nge

that matches some standard. Specific range parameters for inline use may be defined

, as

ach

tuple separated-by-the ts or tuple separator (whitespace), and each coordinate in the tyiple

ock

<gm]

L. DUDAdlLdD1LUUK

<gml:rangeParameters>

<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="Cel">template</Temperature>
<Pressure uom="kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositevValue>

</gml:rangeParameters>

<gml:tuplelList>3,101.2 5,101.3 7,101.4 11,101.5

23,101.8

13,101.6
47,102.4

17,101.7
53,102.5

19,101.7

29,101.9 31,102.0 37,102.1 41,102.2 43,102.3 59,102.

gml:tuplelList>
</gml:DataBlock>

7) eg.gml

180

:CategoryList, gml:QuantityList — see 16.4.

6</
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where Temperature and Pressure are elements defined in a local application schema, using
gml :MeasureOrNilReasonListType.

19.3.9 doubleOrNilReasonTupleList

The gml:doubleOrNilReasonTupleList property is declared as follows:

<element name="doubleOrNilReasonTupleList" type="gml:doubleOrNilReasonList"/>
gml:doubleOrNilReasonList is described in 8.2.4.1. It consists of a list of gm1 : double0OrNilReason values,
each separated by a whitespace. The gml:doubleorNilReason values are grouped into tuples where the
dimension of each tuple in the list is equal to the number of range parameters.

EXAMPLE An example of the use of gml : doubleOrNilReasonTupleList to record the same'sgt of pairs of
temperature and pressure observations given in the gml : DataBlock example above is as follews:

<gml:DataBlock>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="Cel">template</Temperature>
<Pressure uom="kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositeValue>
</gml:rangeParameters>
<gml:doubleOrNilReasonTupleList>3 101.2 5 101,.3¢7 101.4 11 101.5 13 101.6 17
1017 19 101.7 23 101.8 29 101.9 31 102.0 37 102X/ 41 102.2 43 102.3 47 302.4 53
1025 59 102.6</gml:doubleOrNilReasonTupleList>
</gml:DataBlock>

19.8.10File, FileType
For|efficiency reasons, GML also provides a means of encoding the range set in an arbitrary external

encpding, such as a binary file. This encoding myay be “well-known” but this is not required.[This mode
usep the gml:rFile element, which is declared as follows:

A

Element name="File" type="gml:FileType" substitutionGroup="gml:AbstractObject'l/>

A

FomplexType name="FileType">
<sequence>
<element ref="gml:rangeParameters"/>
<choice>
<element name="filéName" type="anyURI"/>
<element name=['fileReference" type="anyURI"/>
</choice>
<element napes¥'fileStructure" type="gml:CodeType"/>
<element mane="mimeType" type="anyURI" minOccurs="0"/>
<element{nadme="compression" type="anyURI" minOccurs="0"/>
</sequence»
<fcomplexIype>
In this version of the coverage encoding, the values of the coverage (attribute values in the rapge set) are
trapsmitted in an external file that is referenced from the XML structure described by gnl:FileType.
The external file is referenced by the gm1: filerReference property that is an anyURI (the gm| : fi1eName
property has been deprecated). This means that the external file may be located remotely from the

referencing GML instance.

EXAMPLE This can support, for example, both an http reference and a SOAP attachment.

The gml:compression property points to a definition of a compression algorithm through an anyurz.
This may be a retrievable, computable definition or simply a reference to an unambiguous name for the
compression method.

The gm1 :mimeType property points to a definition of the file mime type.

The gm1:filestructure property is defined by a codelist. An example of a values in the codelist could be
“Record Interleaved”. Note further that all values shall be enclosed in a single file. Multi-file structures
for values are not supported in GML.
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The semantics of the range set is described as above using the gml: rangeparameters property.

The referenced file structure shall be as shown in Figure 7.

Where the values in each are
Record 1 A1 A2 A3
Record 2
Record 3
Record n

Figure 7 — File Record Structure or Coverage File

Note that [if any compression algorithm is applied, the structure above applies only to the pre-
compressi¢n or post-decompression structure of the file.

1%

Note that the fields within a record match the gmil:valueComponents ofithe gml:Compositevaluf in
document prder.

EXAMPLE An encoding of a binary file may look as follows:

<gml:F{lle>
<gm}:rangeParameters>
gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="Cel">template</Pemperature>
<Pressure uom="kPa">template</Pressure>
</gml:valueComponents>
/gml:CompositevValue>
</gpl:rangeParameters>
<gm}:fileName>http://www.somedata dorg/temp pressure.dat</gml:fileName>
<gm}:fileStructure>Record Interleaved</gml:fileStructure>
</gml:File>

19.3.11coyerageFunction, CoverageFunctionType

This subclause describes the gfnl):coverageFunction property, that is, the mapping “f” (see Figurg 4)
from the dpmain to the range 6f the coverage. The content model for the coverage function is given py:

<elemenf name="covexageFunction" type="gml:CoverageFunctionType"
substifutionGroup="gml:AbstractObject"/>

<complejxType name="CoverageFunctionType">
<choige>
<elgment ‘ref="gml:MappingRule" />
<elgment ref="gml:CoverageMappingRule"/>
<elemEnt Trci= gLl Gr1darunct 1Ol
</choice>
</complexType>

Note that the value of the CoverageFunction is one of gml:MappingRule (deprecated),
gml:CoverageMappingRuleEﬂuigml:GridFunctiom

If the gml:coverageFunction property is omitted for a gridded coverage (including rectified gridded
coverages) the gml:startPoint is assumed to be the value of the gml:low property in the gmi:crid

geometry, and the gml:sequenceRule is assumed to be linear and the gml:axisorder property is
assumed to be “+1 +2”.

EXAMPLE These defaults are best illustrated by a simple example as follows:

<AverageTempPressure
xmlns="http://www.opengis.net/app" xmlns:gml="http://www.opengis.net/gml/3.2"”
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ns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
:schemaLocation="http://www.opengis.net/app./CoverageExamples.xsd">
<gml:domainSet>
<gml:Grid dimension="2">
<gml:limits>
<gml:GridEnvelope>
<gml:low>0 0</gml:low>
<gml:high>4 4</gml:high>
</gml:GridEnvelope>
</gml:limits>
<gml:axisLabels>x y</gml:axisLabels>
</gml:Grid>
</gml:domainSet>

gml:rangeSet>
<gml:DataBlock>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="Cel">template</Temperature>
<Pressure uom="kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositevValue>
</gml:rangeParameters>
<gml:tuplelist>3,101.2 5,101.3 7,101.4 11,101.5 13,%01l.6 17,101.7 19
101.8 29,101.9 31,102.0 37,102.1 41,102.2 43,102.3 «4%,102.4 53,102.5 {
ttuplelList>
</gml:DataBlock>
/gml:rangeSet>
yerageTempPressure>

order starting at the location (0 0). If we look at the DataBlock, we see that we have tH
ivn in Table 7.

Table 7 — Ddta block example

Grid location Data value
00 3,101.2
10 5,101.3
20 7,101.4
30 11,101.5
01 13,101.6
11 17,101.7
21 19,101.7
31 23,101.8
02 29,1019
12 31,102.0
22 37,102.1
32 4151622
03 43,102.3
13 47,102.4
23 53,102.5
33 59,102.6

19.3.12CoverageMappingRule

101.7
9,102.6</

e no coverageFunction is specified the function is assumed to be that of linear scannifpg with “+1

e mapping

gml:CoverageMappingRule provides a formal or informal description of the coverage function, per:

<element name="CoverageMappingRule" type="gml:MappingRuleType"

©IS

substitutionGroup="gml:AbstractObject"/>
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<complexType name="MappingRuleType"

final="#all">

<choice>
<element name="ruleDefinition" type="string"/>
<element name="ruleReference" type="gml:ReferenceType"/>
</choice>
</complexType>

EXAMPLE

MathML can be used for formal descriptions, informal ones may be any free text.

The mapping rule may be defined as an inline string (gml:rulebefinition) or via a remote reference
through xlink:href (gm1: rulereference).

If no rule name is specified, the default is ‘Linear’ with respect to members of the domain in

document prder.

19.3.13GrjdFunction, GridFunctionType

gml:GridFhnction provides an explicit mapping rule for grid geometries, i.e. the domain shall be a
geometry of type grid. It describes the mapping of grid posts (discrete point grid coverage) or grid gells

(discrete s

<elemenf
substif

<complej
<sequsq
<eld
<eld
</seq
</complg

The gml:s

irface coverage) to the values in the range set. The content model is as follows:

name="GridFunction" type="gml:GridFunctionType"
utionGroup="gml:AbstractObject"/>

I Type name="GridFunctionType">

nce>

ment name="sequenceRule" type="gml:SequenceRuleType'/ minOccurs="0"/>

ment name="startPoint" type="gml:integerList" minOccurs="0"/>

ence>

xType>

artPoint is the index position of a point in the.grid that is mapped to the first point in

the range $et (this is also the index position of the first grid post). If the gm1:startpPoint property is
omitted thp gm1:startPoint is assumed to be equal toc¢the value of gm1:1ow in the gm1:Grid geomdtry.
Subsequent points in the mapping are determined by-the value of the gm1 : sequencerule.
19.3.14sel]uenceRule, SequenceRuleType, SequenceRuleEnumeration
The sequenceRule is described by the content model:
<compl¢xType name="SequenceRuleType">
<sifpleContent>
extension base="gml:3€quenceRuleEnumeration">
<attribute name="@érder" type="gml:IncrementOrder"/>
<attribute namés"axisOrder" type="gml:AxisDirectionList"/>
/extension>
</sjmpleContent=
</complexType>
The gml:sdquencerd¥&Type is derived from the gml:SequencerRuleEnumeration through the addition of

an axisOrder attribute. The gml:SequenceRuleEnumeration is an enumerated type defined as:

<simpleJype“name="SequenceRuleEnumeration">
<resttiction base="string">
<enumeration value="Linear"/>
<enumeration value="Boustrophedonic"/>
<enumeration value="Cantor-diagonal"/>
<enumeration value="Spiral"/>
<enumeration value="Morton"/>
<enumeration value="Hilbert"/>
</restriction>
</simpleType>
These rule names are defined in ISO 19123.

If no rule name is specified the default is “Linear”.

The axisorder attribute has the following content model:
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<simpleType name="AxisDirectionList">
<list itemType="gml:AxisDirection"/>
</simpleType>

<simpleType name="AxisDirection">
<restriction base="string">
<pattern value="[\+\-]1[1-9][0-9]*"/>
</restriction>
</simpleType>

The value of a gm1:AxisDirection indicates the incrementation order to be used on an axis of the grid.

EXAMPLE1 "+3" means that the points in the grid are to be traversed from lowest to highest on the 3rd axis.

Thd different values in a gml:AxisDirectionList indicate the incrementation order to be\pised on all

axep of the grid. Each axis shall be mentioned once and only once.

EXAMPLE 2 "+1 -2 +3" means that the points are to be traversed from lowest to highest on.the 1st ajkis, starting

att

axigbefore incrementing on the 2nd axis and finally the 3rd.

19.
GM

The supported types are substitutable from gml:abstractDiscieteCoverage and include:

NOTE Concrete continuous coverage types can be anticipated in future releases of this document.

e highest value on the 2nd axis and the lowest value on the 3rd axis points, incremented fastegt on the 1st

B.15Specific Coverage Types in GML

L supports all of the discrete coverage types defined in ISO 19123.

gml:MultiPointCoverage (CV_DiscretePointCoverage)
gml:MultiCurveCoverage (CV_DiscreteCurveCoverage)
gml:MultiSurfaceCoverage (CV_DiscreteSurfaceCoverage)
gml:MultiSolidCoverage (CV_DiscreteSolidCoverage)
gml:GridCoverage (CV_DiscreteGridPointCoverage)

gml:RectifiedGridCoverage (C¥-_DPiscreteGridPointCoverage)

Usefs may also construct théirown coverage types by using or deriving from gm1 : DiscreteCoyferageType,

gml
typ

L AbstractContinuougCeverageType Or by using or derivation from the specific concretle coverage
ps above.

The same range set)éncodings apply for each of the different discrete coverage types as the latter are

sperified by the'geometry type of the domain.

19.

B.16 MultiPointCoverage

In 4 Ml :MultiPointCoverage the domain set is a gml:MultiPoint, which is a collection of|arbitrarily
distributed geometric points. lL.e,, the value In gml:domainSet shall be a gml:MultiPoint.

<element name="MultiPointCoverage" type="gml:DiscreteCoverageType"
substitutionGroup="gml:AbstractDiscreteCoverage"/>

Inagml:MultiPointCoverage the mapping from the domain to the range is straightforward.

For gml:DataBlock encodings the points of the gml:MultiPoint are mapped in document order to
the tuples of the data block.

For gml:Ccompositevalue encodings the points of the gm1:MultirPoint are mapped to the members of
the composite value in document order.

For gm1:File encodings the points of the gm1:MultiPoint are mapped to the records of the file in
sequential order.
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EXAMPLE

A gml:MultiPointCoverage using value encoding:

<AverageTempPressure

xmlns="

http://www.opengis.net/app"

xmlns:gml="http://www.opengis.net/gml/3.2"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemaLocation="http://www.opengis.net/app CoverageExamples.xsd">

<gml:bo

undedBy>

<gml:Envelope srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:lowerCorner>1 1</gml:lowerCorner>
<gml:upperCorner>4 4</gml:upperCorner>
</gml:Envelope>

</gml:

oundedBy>

<gml:d
<gm]

</ gy
</gml:
<gml:r
<gm]

</ g
</gml:}
</Average]

mainSet>

:MultiPoint srsName="http://www.opengis.net/def/crs/EPSG/0/4326">

gml:pointMember>
<gml:Point>
<gml:pos>1 1</gml:pos>
</gml:Point>
/gml :pointMember>
gml:pointMember>
<gml:Point>
<gml:pos>2 2</gml:pos>
</gml:Point>
/gml:pointMember>
gml:pointMember>
<gml:Point>
<gml:pos>3 3</gml:pos>
</gml:Point>
/gml:pointMember>
gml:pointMember>
<gml:Point>
<gml:pos>4 4</gml:pos>
</gml:Point>
/gml:pointMember>
1:MultiPoint>
omainSet>
ngeSet>
:ValueArray>
gml:valueComponents>

<Temperature uom="Cel">3</Temperature>
<Temperature uom="Cell!>5</Temperature>
<Temperature uom="CgIl">7</Temperature>
<Temperature uom="Cel">11</Temperature>

/gml:valueComponents>
l:ValueArray>
angeSet>

empPressure>

19.3.17MyltiCurveCoveérage

In a gml:n
gml:Multid

ultiCuryeCoverage the domain is partitioned into a collection of curves comprisirlg a

urye\The coverage function then maps each curve in the collection to a value in the range

<element -Aame="MultiCurveCoverage"

type="qgml :DiscreteCoverageType

set.

"

substitutionGroup="gml:AbstractDiscreteCoverage"/>
The value in gml:domainset shall be a gml:Multicurve.

In agml:MultiCurveCoverage the mapping from the domain to the range is straightforward.

the tuples of the data block.

the composite value in document order.

sequential order.

186

For gm1:pataBlock encodings the curves of the gml:Multicurve are mapped in document order to
For gml:compositevalue encodings the curves of the gml:Multicurve are mapped to the members of

For gm1:File encodings the curves of the gml:Multicurve are mapped to the records of the file in
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EXAMPLE A gml:MultiCurveCoverage using data block encoding:

<AverageTempPressure
xmlns="http://www.opengis.net/app"
xmlns:gml="http://www.opengis.net/gml/3.2"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://www.opengis.net/app CoverageExamples.xsd">
<gml :boundedBy>
<gml:Envelope srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:lowerCorner>1.1 1.1</gml:lowerCorner>
<gml:upperCorner>5.5 5.5</gml:upperCorner>
</gml:Envelope>
</gml :boundedBy>
gml:domainSet>
<gml:MultiCurve srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">1.1 1.1 2.2 2.2</gml:posList>
</gml:LineString>
</gml:curveMember>
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">2.2 2.2 3.3 3.3</gml:pgsList>
</gml:LineString>
</gml:curveMember>
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">3.3 3.3 4.4~4.,/4</gml:posList>
</gml:LineString>
</gml:curveMember>
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">4.44.4 5.5 5.5</gml:posList>
</gml:LineString>
</gml:curveMember>
</gml:MultiCurve>
/gml:domainSet>
gml:rangeSet>
<gml:DataBlock>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueCompenents>
<Temperdtyre uom="Cel">template</Temperature>
<Presdur€ uom="kPa">template</Pressure>
</gml:yalileComponents>
</gml:CompesiteValue>
</gml:ranpgeParameters>
<gml:doubléOrNilReasonTupleList>3 101.2 5 101.3 7 101.4 11 101.5</
gmlfdoubleOrNiFReasonTupleList>
</gml:RataBlock>
/gml: rafigeSet>
</AferagelempPressure>

19.8.18MultiSurfaceCoverage

In agml:MultisurfaceCoverage the domaln 1s parttioned INto a collection of surfaces comprising a
gml:MultiSurface. The coverage function than maps each surface in the collection to a value in the
range set.

<element name="MultiSurfaceCoverage" type="gml:DiscreteCoverageType"
substitutionGroup="gml:AbstractDiscreteCoverage"/>

The value in gml:domainset shall be a gml:MultiSurface.

In a gml:MultisSurfaceCoverage the mapping from the domain to the range is straightforward.

— For gm1:pataBlock encodings the surfaces of the gm1:Multisurface are mapped in document order
to the tuples of the data block.
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— For gml:compositevalue encodings the surfaces of the gml:Multisurface are mapped to the
members of the composite value in document order.

— For gm1:File encodings the surfaces of the gm1:Multisurface are mapped to the records of the file
in sequential order.

EXAMPLE A gml:MultiSurfaceCoverage using file encoding:

<SoilData xmlns="http://www.opengis.net/app" xmlns:gml="http://www.opengis.net/gml/3.2"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemalocation="http://www.
opengis.net/app./CoverageExamples.xsd">
<gml :boundedBy>
<gm]:Envelope srsName="http://www.opengls.net/def/crs/EPSG/0/4329">
gml:lowerCorner>1 1 1</gml:lowerCorner>
gml:upperCorner>10 10 2</gml:upperCorner>
</gpl:Envelope>
</gml:PpoundedBy>
<gml:d¢mainSet>
<gm}:MultiSurface srsName="http://www.opengis.net/def/crs/EPSG/0/4329">
gml:surfaceMember>
<gml:Polygon gml:id="pl">
<gml:exterior>
<gml:LinearRing>
<gml:posList dimension="3">1 1 1 1 5 1 5 5 1¢5N 1 1 1 1</

gml:posLigt>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
/gml:surfaceMember>
gml:surfaceMember>
<gml:Polygon gml:id="p6">
<gml:exterior>
<gml:LinearRing>
<gml:posList dimension="3"X20"1 2 51 155 1 10 5 2 10 1 2</
gml:posLigt>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
/gml:surfaceMember>
gml:surfaceMember>
<gml:Polygon gml:id="pIdl">
<gml:exterior>
<gml:LinearRing>
<gml:posli€t dimension="3">5 51 151 1 10 1 510 1 5 5 1</
gml:posLigt>
</gml:IsdfigarRing>
</gml:exterior>
</gml:Polygon>
/gml:surfaeEMember>
gml:surfadeMember>
<gmlwRelygon gml:id="pl6">
Jgml:exterior>
<gml:LinearRing>
<gml:posList dimension="3">10 5 2 5 5 1 5 10 1 10 10 2 10 5 2</

gml:posList
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
</gml:MultiSurface>
</gml:domainSet>
<gml:rangeSet>
<gml:File>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponent>
<S0ilType codeSpace="http://my.big.org/classifications/soils">template</
SoilType>
</gml:valueComponent>
<gml:valueComponent>
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<SoilMoisture uom="http://my.big.org/units/percent">template</
SoilMoisture>
</gml:valueComponent>
</gml:CompositeValue>
</gml:rangeParameters>
<gml:fileReference>soil.dat</gml:fileReference>
<gml:fileStructure>Record Interleaved</gml:fileStructure>
</gml:File>
</gml:rangeSet>

19.3.19MultiSolidCoverage

In 2 gml:MultiSolidCoverage the domain is partitioned into a collection of solids comprising a
gmlfMultisolid. The coverage function than maps each solid in the collection to a value in th¢ range set.

element name="MultiSolidCoverage" type="gml:DiscreteCoverageType"
bubstitutionGroup="gml:AbstractDiscreteCoverage"/>

Thd value in gml:domainset shall be a gml :MultisSolid.

In g gml:MultiSolidCoverage the mapping from the domain to the range is straightforward.

— |For gml:DpataBlock encodings the solids of the gm1 :Multiso1id are mapped in document qrder to the
tuples of the data block.

— |For gm1:compositevalue encodings the solids of the gm1:Mu1£i16511d are mapped to the nembers of
the composite value in document order.

— |For gnl:File encodings the solids of the gml:Multis¢lid are mapped to the records of the file in
sequential order.

19.8.20GridCoverage

A gl:Gridcoverage is a discrete point coveragein which the domain set is a geometric grid ¢f points as

shon in Figure 8.

Figure 8 — Grid coverage domain is a grid of points

elemewt® name="GridCoverage" type="gml:DiscreteCoverageType"
bubgtWtutionGroup="gml:AbstractDiscreteCoverage"/>

Notehat this is the same as the gml:MultiPointCoverage except that the value in gm1:domafinset shall

be & gmI Grid

gml:Grid is defined in 19.2.2. Note that the simple grid coverage is not geometrically referenced and
hence no geometric positions are assignable to the points in the grid. Such geometric positioning is
introduced in the gml:RectifiedGridCoverage discussed in 19.3.21.

NOTE When a grid point is used to represent a sample space, the grid point represents the center of the
sample space, see 19.2.2.

EXAMPLE A gml:GridCoverage using a file encoding for its values:
<AverageTempPressure>
<gml:domainSet>

<gml:Grid dimension="2">
<gml:limits>
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<gml:GridEnvelope>
<gml:low>0 0</gml:low>
<gml:high>4 4</gml:high>
</gml:GridEnvelope>
</gml:limits>
<gml:axisLabels>x y</gml:axisLabels>
</gml:Grid>
</gml:domainSet>
<gml:rangeSet>
<gml:File>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="Cel">template</Temperature>
<Pressure uom="kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositeValue>
/gml:rangeParameters>
gml:fileReference>http://www.somedata.org/temp pressure.dat</gml:filgReferende>
gml:fileStructure>Record Interleaved</gml:fileStructure>
</gpl:File>
</gml:fangeSet>
</AverageTempPressure>

19.3.21Re[ctifiedGridCoverage

The gml:Re¢ctifiedGridCoverage is a discrete point coverage based on a%ectified grid. It is similar to[the
grid covergge of 19.3.20 except that the points of the grid are geometrically referenced. The rectified
grid covergge has a domain thatis a gml:RectifiedGrid geometry.as defined in 19.2.3.

<element name="RectifiedGridCoverage" type="gml:DiscreteCoverageType"
substifutionGroup="gml:AbstractDiscreteCoverage" A>»

The value in gml :domainset shall be a gml:RectifiedGridRectifiedGrid.
gml:RectifiedGrid is defined in 19.2.3.

EXAMPLE A gml:RectifiedGridCoverage (using a data block):

<AveragePtessure xmlns="http://www.opengis.net/app" xmlns:gml="http://www.opengis.net/
gml/3.2" gmlns:xsi="http://www.w3.arg/2001/XMLSchema-instance" xsi:schemalocation="httpl://
www.opengls.net/app
./Coverag¢Examples.xsd">
<gml :b¢undedBy>
<gm] :Envelope srsName£"http://www.opengis.net/def/crs/EPSG/0/4329">
gml:lowerCorner>¥)2 3.3 2.1</gml:lowerCorner>
gml:upperCornér313.6 12.1 15.3</gml:upperCorner>
</gihl:Envelope>
</gml:PpoundedBy>
<gml:d¢mainSet>
<gm}:RectifigdGrid dimension="2">
gml:limits>
Lgnl:GridEnvelope>
<gml:low>1 1</gml:low>
ot a4 4 <t gmirhoh
</gml:GridEnvelope>
</gml:limits>
<gml:axisLabels>u v</gml:axisLabels>
<gml:origin>
<gml:Point gml:id="palindrome" srsName="http://www.opengis.net/def/crs/
EPSG/0/4329">

<gml:pos>1.2 3.3 2.1</gml:pos>
</gml:Point>

</gml:origin>

<gml:offsetVector srsName="http://www.opengis.net/def/crs/EPSG/0/4329">1.1 2.2
3.3</gml:offsetVector>

<gml:offsetVector srsName="http://www.opengis.net/def/crs/EPSG/0/4329">2.0 1.0
0.0</gml:offsetVector>

</gml:RectifiedGrid>
</gml:domainSet>
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<gml:rangeSet>
<gml:DataBlock>
<gml:rangeParameters>
<Pressure uom="kPa">template</Pressure>
</gml:rangeParameters>
<gml:doubleOrNilReasonTuplelList>101.2 101.3 101.4 101.5
101.9 102.0 102.1 102.2 102.3 102.4 102.5 102.6</gml:doubleOrNilReasonTupleList>
</gml:DataBlock>
</gml:rangeSet>
</AveragePressure>

20 Profiles

101.6 101.7 101.7 101.8

20./1 Profiles of GML and application schemas

GM

GML schema, but may employ a subset of constructs corresponding to specific releyvant requ

We [use this definition of a profile (ISO/IEC TR 10000-1:1998 and ISO 19106:2004):

Prdffile: A set of one or more base standards and/or [profiles], and, where)applicable, the id4
of dhosen classes [(types, attributes and elements)], conforming subseéts, options and par
thoge base standards, or [profiles] necessary to accomplish a partietilar function.

Thip was defined for an OSI architecture model, so we translate€ ‘class’ to ‘types, attributes an

L is a complex standard thatis richly expressive. In general, an application need not.éxploif the entire

rements.

ntification
ameters of

] elements’

to apply this definition to XML Schema. There are several ways to implement this, and GML profiles use
a “dopy and delete” approach. To create a profile, a deyeloper might copy the applicable s¢hema files
frogpn GML and simply delete any global types, elementsand local optional particles that sie does not

neefd for her application schema.

20.2 Definition of profile

A plrofile of GML may be defined to enhance interoperability and to curtail ambiguity b
only a specific subset of GML. Application schemas may then conform to such a profile
take advantage of any interoperability or performance advantages that it offers in compg
a complete GML. Such profiles may be defined for application schemas that are include
spefifications.

The
use
any
use
treg
In 1
pro

re are cases where reduced functionality is acceptable, or where processing requireme
of a logical subset of GML. For example, applications that do not need to handle XLink af
form may adhereto-a specific profile that excludes them; the constraint in this case wou
links. Other cases’might include defining constraints on the level of nesting allowed insi

depth), or oblyallowing features with homogeneous properties as members of a feature
hany cases)’such constraints may be enforced via new schemas; others may be enforc
redural'agreements within an information community.

y allowing
n order to
rison with
d in other

nts compel
tributes in
d be to not
e tags (i.e.
collection.
bd through

20.3CRelation to application schema

A profile may be the beginning of an application schema.

EXAMPLE

Alocation based service profile may limit the types of geometry to that used in LBS applications,

and the LBS application schema may then add a “PointCircle,” “PointEllipse” and “PointArc” elements to
accommodate the LIF “CIRCLE,” “ELLIPSE” and “ARC” elements, which are used to describe error estimates of
mobile device location.

The building of such application schemas is thus a two-part process. The profile acts as a restriction of
GML to produce types and elements consistent with the complete GML but potentially lacking in some
optional particles. The application schema then uses these types as a common base, and uses them in
new types and elements by extensions or inclusion.

GML —selection & restriction— GML profile —extension & inclusion—, gppljcation schema
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20.4 Rules for elements and types in a profile

Global profiled elements in a GML profile shall:

— share the same name (and namespace) of a parent element in GML.

— include all mandatory particles (subelements and attributes) of the parent element in GML.
— include no particle that is not in the parent element in GML.

— have the same default values for attributes as the parent element in GML.

— have a|parallel substitution group hierarchy for named elements in both schemas.
Global typg¢s in a GML profile shall:

— share the same name (and namespace) of a parent type in GML.

— includ¢ all mandatory particles (subelements and attributes) of the parent typein‘GML.
— includ¢ no particle that is not in the parent type in GML.

— have the same default values for attributes as the parent type in GML.

— have a|parallel derivation tree for named types in both schemas.

Instance dpcuments of a profile shall be valid against the full GMIzschema.

Using the “ropy and delete” metaphor described above, our mythic developer may:

— deletejglobal elements and global types.

— deletejoptional subelements from any types or elements.

— make ¢ptional subelements or attributes mandatory in any type or element (if a default value ex|sts,
it shall be eliminated or the schema validation will report an error — default values are only valid
for optlional particles).

— restridt cardinality of any particles

None of th¢ above will affect the validity of a document that is designed against the profile, but tegted
against thd full GML schema. Ourmythic developer may not:

— deletemandatory subelements from any types or elements.
— make mandatoryparticles optional.
— relax dardinality restrictions of any particle.

— add or|change a default or fixed value.

The last item is a bit subtler than the others are. Documents valid under the profile would still be valid
under the full GML schema, but the interpretation of those documents would change. For example, if a
profile specified a default coordinate reference system to be UTM, and the full schema specified a WGS
84 geodesic (latitude, longitude) as the default CRS, then the interpretation of the file would change
when moving from the profile to the full schema.

20.5 Rules for referencing GML profiles from application schemas

A GML application schema shall reference the full GML schema in the schemalocation attribute of the
<import> element.

A GML application schema document conforming to one or more GML Profiles shall provide an appInfo
annotation element <gml:gmlProfileSchema> for every profile in the root schema document <schema>
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element where the value is a schema location of the profile schema. Note that an application schema
may conform to multiple profiles.

EXAMPLE

<schema ...>

<annotation>
<appInfo>
<gml:gmlProfileSchema>http://schemas.opengis.net/gml/3.2.1/profiles/

gmlSimpleFeatureProfile/1.1.0/gmlsf.xsd</gml:gmlProfileSchema>

<gml:gmlProfileSchema>http://schemas.opengis.net/gml/3.2.1/profiles/

gmlPointProfile/1.1.0/gmlPointProfile.xsd</gml:gmlProfileSchema>

The

20.
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confventions will aid the application schema@rom migrating that type or element fro

nan

The
und

NOTE A method that has been found to be convenient is to package the required GML compo
“stub” schema-document called, e.g. “gmlForApplicationDomain.xsd”. This document can comprise 3
nec¢ssary components assembled in a fine-grained manner (e.g. see Annex G), or it can merely <inclu
e schiema documents that comprise the standard GML distribution. The schema document gml.xsd is an

of t
exh

i P =
S sasETaE
</annotation>

/schema>
<gml:gmlProfileSchema> element is defined as
element name="gmlProfileSchema" type="anyURI"/>

6 Recommendations for application schemas using GML profiles

rder that the profile within an application schema may be later extenided to include oth
. elements, the following recommendations are made:

Global elements that are not in a GML profile but are in an-application schema using a (
should not have the same name as any element in the GML'schema.

Global types that are not in a GML profile but are.iin'an application schema using a
should not have the same name as any type in thec ML schema.

type or element in an application schema\is found to be of universal use, then

hespace to that of GML.

following recommendations are made simply as a bookkeeping convenience to thos
erstand the role of the profile intheapplication schema:

Profiled elements and typesishould be included either in a single file for smaller profile
structure that parallels that of GML. The exact naming convention of the parallelism is
application schema author:

A reference to thé-appropriate GML schema document should be made in a commer
beginning of thefile.

hustive superset following the latter approach.

er profiled

ML profile

ML profile

the above

Im its own

b trying to

or in a file
left to the

It near the

hents into a
copy of the
le> a subset
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7 Summary of rules for GML profiles
ummary, the rules for a profile:

A profile of GML is a logical restriction of a subset of GML.

Aprofile shall not change the name, definition, or data type of mandatory GML elements or attributes.

The relevant schema or schemas that define a profile shall use in the core ‘gml’ namespace http://

www.opengis.net/gml/3.2.

An application schema may extend and use types from the profile, but shall do so

namespace, and not use http://www.opengis.net/gml/3.2.
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The functional test of these rules is:

Any instance document for an application schema using a GML profile will be valid against the
same application schema if the GML profile is replaced by the complete GML schema. Further, the
interpretation of that document would be the same regardless of which of the two schemas were used.

21 Rules for GML application schemas

21.1 Instances of GML objects

21.1.1 GI\LL documents

An XML d
following €

Agml:
NOTE 1
A gml:
NOTE 3

Agml:

The stand
namespace
schema do

For a GML
document
schema arq

Note that t
single GML
contained

bcument contains a single XML element as its root. A GML document may be-one of
lements:

hbstractFeature or any element directly or indirectly in its substitution greup.
This includes feature collections and coverages as both are features, tqo:
pictionary or any element directly or indirectly in its substitutiongroup.
This includes coordinate reference system and units dictionagfies.
ropoComplex Or any element directly or indirectly in its substitution group.

ard methods for XML documents based on W3C\XML Schema provide that the 3}
s used in a document are declared as attributes within the document, and the locatio
cuments that provide the source components for each namespace may be indicated.

document, the source of the components, describing the primary components within

js a GML application schema. Both the @ocument type and the associated GML applicaf

described in this Clause.

his does not imply that all elements and attributes in the GML document are defined |}
application schema. The schema components referenced from the GML document maj
n any number of GML application schemas or other XML Schemas.

21.1.2 GML object elements in other XML documents

Elements ¢
document
schema or

EXAMPLE

f GML objects_1ray occur in XML documents that are not GML documents, too. The }
bhall validatesagainst an XML Schema document that imports directly or indirectly the (
h GML profilesand optionally one or more GML application schemas.

GMi-object elements may be used in request and response messages of Web Services.

the

(ML
h of

the
on

—

Dy a
F be

(ML
ML

21.2 GML

application schemas

21.2.1 General

A GML application schema is an XML Schema, conforming to the rules outlined in this clause, which
describes one or more types of geographic object, components of geographic objects or metadata,
including dictionaries and definitions, used in the definition of geographic objects. A GML application
schema defines a vocabulary for a particular domain of discourse by defining and describing the terms
of that vocabulary (see ISO 19109) as follows:
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An application schema may reference directly concrete, global GML elements (including groups)
and attributes (including attributeGroups) whose names and content models accurately represent
components of the vocabulary it defines.

EXAMPLE1 This includes property elements like gml:name or gml:description, object elements like
gml:Observation,gml:Dictionary, or gml:Point, and attributes like gm1:id.

An application schema may declare new elements and attributes in its own namespace using GML
types when the vocabulary it defines needs to include different names for the same content models to
distinguish their semantic roles. The element declared in the application schema will be in a different
namespace, and may be used in an instance document.

EXAMPLE 2  gml:EnvelopeType may be used unmodified as the content model for an element xmmi|: Interval.
EXAMPLE 3  gml:LengthType may be used unmodified as the content model for an element/ex:hdight.

EXAMPLE4  gml:PointPropertyType may be used directly as the content model(fgr a propefty element
ex:fepresentativePoint.

An gpplication schema may derive new types in its own namespace by extension of GML typds when the
vocpbulary it defines needs to include components with additional, domain-specific propertjes.

NOTE The definition of application-specific feature types requires-that the content model of|the feature
typés is derived from gml :AbstractFeatureType, typically by extensjon:

EXAMPLES5  The definition of new geometry types not specified in the GML schema, but reqpired by an
application, e.g. an ellipse.

An ppplication schema may derive new types in its own namespace by restriction of GML tfypes when
the|vocabulary it defines needs to include more specialized versions of GML types that gestrict the
cardlinality or type of their properties.

EXAMPLE 6  An application wants to prohibit the use of multiple names in their feature types. This may be
achieved by deriving an application-specific root feature type by restriction from gml:AbstractF¢atureType
that|sets the maximum occurrence of the gmiTname to “1”.

An ppplication schema may declare-hew elements that are assigned to a substitution grpup whose
heaf is an abstract or concretezsGML element. The element declared in the application s¢hema may
theh appear in instance documents in place of the substitution group head and be conformant to the
confent model that refers to the substitution group head. Note that in order to be a valid member of a
subptitution group, the type of the element shall be validly derived from the type of the elethent which
is the head of the substitution group. All abstract elements in the GML schema are only useffil acting as
theheads of substjtttion groups.

EXAMPLE 7 gmi:AbstractGML, gml:AbstractFeature, gml:AbstractGeometry, gml:AbstragtCoverage
mayf all serves@s, the head of a substitution group for elements in an application schema.

An ppplication schema may declare new elements, attributes and types in its own namegpace using
typgsit has defined to give vocabulary-specific names to their content models.

EXAMPLE 8  Application-specific data types or enumerations.

All GML application schemas are constructed, using the general rules of this Clause, from one or more of
the GML schema components defined in 6.5 to Clause 19.

GML allows the derivation of many other kinds of elements such as new units of measure, new geometry
properties and new geometries. While these elements may be packaged into separate schemas they are
viewed as subordinate to the schema categories of this Clause. Any GML application schema shall be of at
least one of the schema types described in 21.3 through 21.11, and comply to the rules from the respective
subclauses in addition to 21.2. It is thus permissible to create a GML application schema that defines
Features, Coverages and Values, so long as this schema satisfies the rules of 21.2, 21.3, 21.8 and 21.9.
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21.2.2 Target namespace

An application schema shall declare a target namespace. This is the namespace in which the terms for
objects and properties of the vocabulary defined by the application schema live. This shall not be the
GML namespace (http://www.opengis.net/gml/3.2). It is conventional for the namespace identifier to
be a URL controlled by the application schema author’s organization. A target namespace is declared in
an application schema using the targetNamespace attribute of the schema element from XML Schema.

An application schema may be comprised of multiple schema documents that all declare the same target
namespace.

It is recorn
directly or
discussed 1

hmended that a top-level schema document In such a modularized application sch
indirectly includes the other documents to avoid the XML application processing limitat

n Annex J.

21.2.3 Import GML schema

A GML app
all of the ¢
in 20.5.

The requir
another sc

EXAMPLE 1
<imporf

The <impo|
are associg
shall matc
Schema va

The path (
local copy
repository.

EXAMPLE 2

NOTE 4
physical loc

21.2.4 Ob

An object
restriction

The contej

bmponents from GML that it directly or indirectly uses to define its ¥ocabulary as speci

ed import of the GML schema components may be provided(indirectly via the impoq
nema in the namespace of GML that includes the required GML schema documents.

The import of gml.xsd from Annex C would satisfy any of these schema import requirements,

namespace="http://www.opengis.net/gml/3.2" schémalocation="../gml.xsd"/>

ted with the GML namespace http://www.gpéengis.net/gml/3.2. This namespace ident
h the target namespace specified in the.schema being imported in order to ensure }
idity.

chemaLocation) to the imported GML schema document shall be provided and may be

An example for such a reépository ishttp://schemas.opengis.net/ on the OGC web site.

\ccording to the W3C XML Schema specification, the schemaLocation attribute is only a hint to
htion and XML parserScan disregarded this information.

ject type derivation

[ype declared by a GML application schema shall not violate any XML Schema deriva
5 impesed by a final attribute on its base GML type nor any other XML Schema rules.

bIma
ons

lication schema shall import the full GML schema. It may identify GML. profiles that include

fied

t of

rt> element specifies that the components described in the imported GML schema docunpent

fier
(ML

o a

bf the document, or may be a URLreference to a copy of the schema document in some renjote

the

fion

t-model of an object type defined by a GML application schema shall derive directly f

"Om

the most specialized GML object type that may serve as the base for its content model while preserving

semantic c

onsistency and increasing type specialization.

21.2.5 Elements representing objects

A GML application schema shall declare a global element for any object type that is to serve as the root

element in

21.2.6 Pro

a GML document.

perty type derivation

A property type defined by a GML application schema to contain inline or reference a single GML object
may be derived from gml:AssociationRoleType or may follow the pattern of this type.
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A property type defined by a GML application schema to contain inline a single GML object may be
derived from gml:InlinePropertyType or may follow the pattern of this type.

A property type defined by a GML application schema to reference a single GML object may be derived
from gml:ReferenceType or may follow the pattern of this type.

A property type defined by an application schema to contain a homogeneous collection of GML objects
shall follow the pattern of gml:InlinePropertyType, but may change the minoccurs and maxoccurs
values in the <sequence> element.

As derivation-by-restriction of property types has created problems with commonly used XML

par
rec

21.

Elements representing properties of GML objects may be declared as global elements in an
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21.

P
gr(n)lps that cross namespaces.

port referencing the GML object that is the value‘of the property (see 21.2.6).

Fers 1N the past, all Instances of such derivations have been removed from the GML_sq
mmended to avoid derivation-by-restriction in property types in application schemas;t

P.7 Elements representing properties

bma, or they may be declared locally within object content models (type définitions).

E Elements in the content of complex types that are defined with local.Lhames in an applic
prevent derivation by restriction in another namespace. Such complex types are appropriate
nded for use “as is” in their own namespace, and can be declared tobpe final="restriction™".
content of complex types defined by reference to global elements sGpport derivation by restrictio
espace, allowing restriction of cardinality, and/or replacement by a member of a substitution

lex types designed for derivation by restriction are appropriate “library types” for elements in

e value of the property is expected to be available'€lsewhere, the type of the property elg

e value of the property is expected to be‘represented inline, the type of the propen
| support this, either by having XML Sehema simple content of the appropriate simple
faining the GML object that is the value of the property inline (see 21.2.6).

e value of the property is expeofed to be available either elsewhere, or represented inliy
b of the property element shall'support both methods. In this case the type for the propet
1 have the gml:AssociatiSmAttributeGroup, in which all members are optional, an
nent shall have minoccurs=<¥0" so that in an instance document the property element ma
carries an xlink (see-7.2:3). If it is desired to prohibit the possibility of both xlink attj
tent, or neither, thenthis constraint should be recorded as a normative directive in an <a
hent on the elementdeclaration in the GML application schema. The directive may be eX
Ke, or it may b€ expressed using a formal notation such as Schematron.

3 Schemas defining Features and Feature Collections
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Features and feature collections are the primary view of geospatial information supported by GML, and
are particularly useful in modelling real world geography or in defining message types for geographic
web services. A feature models a real world object or concept, see Clause 9.

Feature application schemas define geographic features and feature collections for a specific application
domain or community. These GML application schemas shall obey the additional rules described in the
following subclauses.

21.3.2 Import GML schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gml:aAbstractFeature element and all schema
components used by this element.
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21.3.3 Elements representing features

All geographic features and feature collections in the application schema shall be declared as global
elements in the schema, i.e. they shall be immediate child elements of the XML Schema <schema>

element.

The name of an element that instantiates a GML feature shall be its feature type, in the sense described
in ISO 19109.

An element representing a feature shall be either directly or indirectly in the substitution group of
gml:AbstractFeature.

An elemenfrepresenting a feature collection type shall be either directly or indirectly in the substitufion
group of gifl : AbstractFeature and have in its content model a property element whose contént'mgdel
is derived by extension from gml : AbstractFeatureMemberType.

In a GML application schema, an object that is an abstraction of a real-world phenomeénon shal| be
modelled gs a feature. All other objects shall be modelled as a GML object that is hot a featuref i.e.
the elemer]t representing the object shall be either directly or indirectly in the substitution group of
gml:AbstrdctcML, but neither directly nor indirectly in the substitution group of gm1 : AbstractFeatire.
21.3.4 Application features are features

A feature flefined in an application schema shall conform to the-fules respecting GML feature$ as
described in Clause 9 and conform to the rules described in Clause 7%

NOTE1 The name of a feature element is the semantic type of the feature.

NOTE 2  The children of a feature element are always property elements that describe the feature, and $uch
properties 4re always encoded as child elements. Properties-are not encoded as XML attributes.

21.4 Schemas defining spatial geometries

21.4.1 Import GML geometry schema components

The applicgtion schema shall import the.\GML schema as described in 21.2.3. Any GML profile refererjced
from the application schema shall-ihclude at least the gml:abstractGeometry element and all sch¢ma
componenis used by this element,

NOTE Typically additional ~geometry schema components are required besides those requlired
by gml:AbfptractGeometrys Jh practice, especially concrete elements and types like gml:Point [and
gml:PointPropertyTypeg)Will typically be part of the profile.

21.4.2 Uspr-defined geometry types and geometry property types

21.4.2.1 Uses-defined geometry types

Authors of application schemas may create their own geometry types if GML lacks the desired construct.
To do this, authors shall ensure that the object elements of these concrete geometry and geometry
collection types are in the substitution group (either directly or indirectly) of the corresponding GML
object element: gm1:AbstractGeometry.

EXAMPLE The following element and complex type definition in an application schema extends gml:Point
and adds a bearing (e.g. for the orientation of a symbol in portrayal).

<element name="PointWithBearing" type="ex:PointWithBearingType"
substitutionGroup="gml:Point">

<complexType name="PointWithBearingType">
<complexContent>
<extension base="gml:PointType">
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<sequence>
<element name="bearing" type="gml:AngleType"/>
</sequence>
</extension>
</complexContent>
</complexType>
Any user-defined geometry subtypes shall inherit the elements and attributes of the base GML geometry
types without restriction, but may extend these base types to meet application requirements, such as

providing a finer degree of interoperability with legacy systems and data sets.

All rules specified in Clause 7, Clause 10, 10.5.10 and Clause 11 shall be followed.

21.4.2.2 User-defined geometry property types

Furthermore, authors of application schemas may create their own geometry property [types that
encppsulate geometry types which are defined in Clause 10, 10.5.10 or Clause 11'or whicH they have
defined in accordance with 21.4.2.1. They shall ensure that these properties follow the pdttern used
by ml:GeometryPropertyType ﬂarstandard.properﬁes and.gml:GeometryArrayPropertyType ﬁn‘array
properties. The target type shall be a bona fide geometry object element.

A geometry property type may be a restriction of gml:GeometryErspertyType, but this is not a
reqpirement. Nevertheless, every geometry property shall follow the pattern of this type. An ppplication
schema may support the choice between an inline or a by-reference’semantic or it may restfict the use
to gither inline (prohibit the use of the Xlink attributes) or hy-feference (prohibit the containment of
the[geometry in the feature).

A geometry array property type may be a restriction ©fym1:GeometryArrayPropertyType,|but this is
not|a requirement. Nevertheless, every geometry pr@perty shall follow the pattern of this type. All
geometry elements in the array are contained inlirie'in the containing object, only inline s¢mantics is
supported by array properties.

EXAMPLE The following complex type definitions in an application schema define a “standand” property
typ¢ for a user-defined geometry type and an atrray property type for the same geometry type.

complexType name="MyGeometryPropertyType">
<sequence>
<element ref="foo:PgintWithBearingType" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup" />
<attributeGroup refz"gml:OwnershipAttributeGroup" />
/complexType>

complexType name="MyGeometryArrayPropertyType">
<sequenceX
<element ref="foo:PointWithBearingType" minOccurs="0" maxOccurs="unbounded" />
</sequence>
/compléxType>

21.5 Schemas defining spatial topologies

21.5.1 Import GML topology schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gml:abstractTopology element and all schema
components used by this element.

Typically additional topology schema components are required besides those required by
gml:AbstractTopology. In practice, especially concrete elements and types like gml:Edge and
gml:DirectedEdgePropertyType Will typically be part of the profile.

EXAMPLE Import the GML schema for example as follows using a schema document of Annex C:

<import namespace="http://www.opengis.net/gml/3.2" schemalLocation="../gml.xsdgml.xsd"/>
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21.5.2 User-defined topology types and topology property types

21.5.2.1 User-defined topology types

Authors of application schemas may create their own topology types if GML lacks the desired
construct. To do this, authors shall ensure that the object elements of these concrete topology types
are in the substitution group (either directly or indirectly) of the corresponding GML object element:
gml:AbstractTopology.

Any user-defined topology subtypes shall inherit the elements and attributes of the base GML topology
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are in the substitution group (either directly or indirectly) of the corresponding GML object element:
gml:AbstractTimeObject.

Any user-defined temporal subtype shall inherit the elements and attributes of the base GML temporal
types without restriction, but may extend these base types to meet application requirements, such as
providing a finer degree of interoperability with legacy systems and data sets.

All rules specified in Clauses 7 and 14 shall be followed.

21.6.2.2 User-defined temporal property types

Furthermore, authors of application schemas may create their own temporal property types that
encapsulate temporal types they have defined in accordance with Clause 14. They shall ensure that
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these properties follow the rules described in 21.2.6. In addition, the target type shall be a bona fide
temporal construct.

A temporal property type may be a restriction of an existing temporal property type.

A temporal property type may support the choice between an inline or a by-reference semantic or it
may restrict the use to either inline (prohibit the use of the Xlink attributes) or by-reference (prohibit
the containment of the geometry in the feature).

21.7 Schemas defining coordinate reference systems

21.7.1 General

Many of the concrete XML elements defined in the CRS Schemas may be used without pApplication
Schpmas, whenever no content extensions or restrictions are needed. An Application Schema shall
be @ised whenever element contents extension is required, and should be usedin' most othler cases to
spefify needed restrictions. That is, an Application Schema should be defined,te extend andfor restrict
elements as needed for a specific application, or a set of applications, to:

— |Add elements to contents of existing elements, for recording additighal data about that ifem needed
for that application.

— |Restrict the multiplicity of current contents elements,«to*“eliminate flexibility not needed and
perhaps confusing for that application.

— |Use a different element name, to be more easily understood in that specific application, primarily
for elements that will be instantiated many times

— | Specify standard contents and contents patterns for selected elements and attributes, a$ needed to
improve interoperability.

— |Specify standard XML and other documents to be referenced or otherwise used, as|needed to
improve interoperability.

Appglication Schemas may thus be used for XML document contents extensions, restrictions, or both.
Cog‘ients extension is expected\to be often used to record additional data needed for applications.
Contents restriction is expécted to be frequently used to restrict contents, in order fo increase
intdroperability and reduce’ ambiguity when greater flexibility is not needed for applications.
Extensions of existing concrete elements may be defined by extending that concrete element. In many
casgs, restrictions of ‘existing concrete elements may be done by extending the abstract elgment from
which that concrete element is derived, by adding somewhat different but corresponding exfensions.

An PApplication’Schema may specify a single top-level element for use in an XML document, with the
XML elements/and types that it uses. That single top-level XML element may be an object with identity,
but|this dsinot required. Such an Application Schema will import and build upon the XML Schema
conjponents specified in Clause 12.

Application Schemas could define additional concrete elements using or extending other abstract
elements, if needed. However, an additional concrete element using or extending an abstract element
should not be defined if that concrete element is largely similar to an existing element, and thus probably
should extend or use an existing concrete element. In many cases, the existing concrete elements that
use an abstract element are believed to be largely exhaustive. This is particularly true when the existing
concrete elements include one element that is quite general, such as the elements EngineeringCRS,
DerivedCRS, EngineeringDatum, UserDefinedCS, OperationParameter, and OperationParameterGroup.

The Conversion, Transformation, ParameterValue, and ParameterValueGroup elements may be used for
well-known coordinate operation methods, especially when only one instance of that element is needed
for that operation method. However, these elements should not be used for well-known coordinate
operation methods when many instances of that element are needed for one operation method. Instead,
an Application Schema that defines operation-method-specialized element names and contents should
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be prepared for each such operation method. For interoperability, a suitable geospatial information
community should standardize each such Application Schema.

NOTE This use of Application Schemas follows the patterns used in Feature Application Schemas.

21.7.2 Import GML coordinate reference system schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gml:AbstractCoordinateReferenceSystem
element and all schema components used by this element.

Typically 3additional coordinate reference system schema components are required besidesthose
required by gml:AbstractCoordinateReferenceSystem. In practice, especially concrete elements and
types will typically be part of the profile, too.

21.8 Schemas defining coverages

21.8.1 Gejneral

The follow]ng subclauses define the rules for the construction of GML application schemas for coverages.
Coverages pre described in Clause 19. Note that coverages are features and-hence the rules of 21.3 aljove
apply also fo coverages.

21.8.2 Impport GML coverage schema components

The applicgtion schema shall import the GML schema as described in 21.2.3. Any GML profile refererfced
from the application schema shall include at least the gm¥:abstractCoverage element and all sch¢ma
componen{s used by this element.

Typically [additional coverage schema components are required besides those requjred
by gml:AostractCoverage. In practice, _eSpecially concrete elements and types [like
gml:RectifiedGridCoverage Will typically be part of the profile, too.

21.8.3 Uspr-defined coverage types

All geographic coverages in the GML-application schema shall be declared as global elements in|the
schema, i.el they shall be child elenients of the XML Schema <schema> element.

Authors of application schémas may create their own coverage types if GML lacks the desired
construct. [To do this, authers shall ensure that the object elements of these coverage types are in|the
substitutign group (either directly or indirectly) of the corresponding GML object element: either
gml:AbstrdctDiscret&Coverage Or gml:AbstractContinuousCoverage.

NOTE1 Thesetelements are indirectly in the substitution group of gml:AbstractFeature and hence| the
condition of thé feature model is satisfied.

NOTE2 This document provides the concrete coverage types gml:MultiPointCoverage,
gml:MultiCurveCoverage, gml:MultiSurfaceCoverage, gml:MultiSolidCoverage, gml:GridCoverage, and
gml:RectifiedGridCoverage. Application coverages can derive from any of these as well.

Any user-defined coverage subtype shall inherit the elements and attributes of the base GML coverage
types without restriction, but may extend these base types to meet application requirements, such as
providing a finer degree of interoperability with legacy systems and data sets.

All rules specified in Clauses 7, 9 and 19 shall be followed.

21.8.4 Range parameters shall be substitutable for AbstractValue

The coverage application schema shall define or import the definitions for all range parameters. Each
such range parameter shall be substitutable for gm1:abstractvalue as defined in 16.4. Note that this
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allows the range parameter to take on a wide range of types. Note further that the schema components
specified in 16.4 include several abstract subtypes that are substitutable for gml:abstractvalue,
including gml:AbstractScalarvalue and gml:AbstractvValueList. Concrete scalar and value list types,
and substitution group head elements, are also provided (substitutable for gmi1:AbstractScalarvalue
Or gml:AbstractvValueList) and include:

— gml:Category (the content model is specified by gm1:codeType)
— gml:CategoryList (the content model is specified by gml:CodeorNilReasonListType)

— gml:Quantity (the content model is specified by gm1:MeasureType)

— |gml:QuantityList (the content model is specified by gml:MeasureorNilReasonListType)
— |gml:Count (the content model is specified by gm1 : CountType)

— |gml:Boolean (the content model is specified by gml :BooleanType)

To define the range parameters in a Coverage Application Schema, refer to 16.4.

EXAMPLE Typical examples of the use of the value types in the development'of a GML coverage dan be found
in 19.3, and are summarized in Table 8.

Table 8 — Range parameters for coverage schemas

Coverage Range parameter Definition in GML
Temperature Distribution Temperature Would be derived from
gml :MeasureOrNilReasonListType &nd made
(wdather) : ) ' .
substitutable for gml:measure definedin 16.3.2.
Soil type distribution Soil type Would be derived from gml:CategoryType and
made substitutable for gml:Category| Weak
(agfonomy) : :
reference to an enumeration of soil types.
Multi-spectral optical image Reflectangé-in each Would be derived from gml :QuantityListType
. spectralband. and made substitutable for gm1:QuantityList.
(remote sensing)
Disftribution of West Nile CaseCount Would be derived from
Virus cases. gml:integerOrNilReasonList, and fnade sub-

(epldemiology) stitutable for gml:CountList.

21.8.5 Coverage document

A cqverage document is defined by a corresponding coverage schema. The root element of thi§ document
shal]l be a covérage defined in this schema or may be a feature collection as described in| 9.9 whose
meinbers are.coverages.

21.9.Schemas defining observations

21.9.1 General

The following subclauses describe how to create an observation application schema. Observations are
described in Clause 18. An observation application schema defines one or more types of observation in
accordance with the following rules.

21.9.2 Import GML observation schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gm1:0bservation element and all schema
components used by this element.
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21.9.3 User-defined observation types

All observation types defined in the GML application schema shall be declared as global elements in the
schema, i.e. they shall be child elements of the XML Schema <schema> element. The content model for
such global elements shall derive by extension either directly or indirectly from gm1:0bservationType.

Authors of application schemas may create their own observation types if GML lacks the desired
construct. To do this, authors shall ensure that the object elements of these observation types are
in the substitution group (either directly or indirectly) of the corresponding GML object element:

gml:Observation.

NOTE 1
condition of

hese elements are indirectly in the substitution group of gml:AbstractFeature and hencel
the feature model is satisfied.

observation

the

NOTE2 This document provides the concrete simple types gml:QbsErvatfion,
gml:DirecfedObservation and gml:DirectedObservationAtDistance. Application observation types|can
derive from|any of these as well.

All rules syjecified in Clauses 7, 9 and 18 shall be followed.

21.9.4 Observation collections

All observption collections in the GML application schema shall be declared as global elementf in
the schemg, i.e. they shall be child elements of the XML Schema <schema> element. An observation
collection ghall be a feature collection as described in 9.9 whose mémbers are observations.

21.9.5 Observations are features

An observition defined in an application schema shall conform to the rules respecting GML features as
described in Clause 9 and Clause 7. See also 21.3.4.

21.9.6 Observation collection document

Following the rules for GML documents (see 21.1), an Observation Collection document may refergnce
observatiops that are defined in any _number of GML application schemas and these may define

observatio

21.10 Schemas defining dictionaries and definitions

21.10.1Ge

The follow
dictionarig

hs only, observation collectigns or any combination of the same.

neral

ng subclauses describe how to create an application schema for definitions. Definitions
s are desScribed in Clause 15. One set of specialized definitions is built in to GML, for unit

measure,

An applicafion schema for definitions defines one or more types of definition in accordance with

}

d serves as an example of how to derive specialized definition components.

and
s of

the

following rules.

21.10.2Im

port GML dictionary schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gml:Definition element and all schema
components used by this element.

21.10.3User-defined definition types

All definitions in the application schema shall be declared as global elements in the schema, i.e. they
shall be immediate child elements of the XML Schema <schema> element. The content model for such
global elements shall derive either directly or indirectly from gm1:pDefinitionType.
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Authors of application schemas may create their own definition types if GML lacks the desired construct.
To do this, authors shall ensure that the object elements of these definition types are in the substitution
group (either directly or indirectly) of the corresponding GML object element: gm1:Definition.

All rules specified in Clauses 7 and 15 shall be followed.

21.10.4User-defined dictionary types

A dictionary in the application schema shall be declared as a global element in the schema, that is it shall
be a child element of the XML Schema <schema> element. The content model for such global elements
shallderive either directly orindirectly from gml :DictionaryType

Authors of application schemas may create their own dictionary types if GML lacks the desited construct.
To do this, authors shall ensure that the object elements of these definition types are ini the spbstitution
gropip (either directly or indirectly) of the corresponding GML object element: gm1:Di¢tionaly.

All tules specified in Clauses 7 and 15 shall be followed.
21./11 Schemas defining values

21.11.1General

GML allows for user defined value types. Such value types may)be used to express the property types
of feature and other types of GML object. The basic root types for user-defined values are| defined in
7.2.2.1. An alternative form for the expression of values\is contained in 16.4. This is used mainly to
proyide values for the gml: resultof parameter for an @bservation.

21.11.2Import GML value objects schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profilefreferenced
from the application schema shall include atleast the gn1:value group and all schema compdnents used
by tlhis element.

21.11.3Construction of new value types

New value types may be created by derivation (typically by restriction) from any of the [root types
shovn in Table 9.

Table 9 — Construction of new value types

Contentmodel Description
gml:MeasureType A numerical quantity with a unit of measure (uom)
gml:CategoryType A classification
gml:€ountType A count of occurrences, incidences etc.

Some standard value types can be found in the schema components specified in 16.3.

21.12 GML profiles of the GML schema

Typically a GML application schema will only require a limited subset of the schema components of the
GML schema. It is recommended to identify and document the GML profile, see Clause 20, required by a
GML application schema. Subclauses 21.3 to 21.11 contain some guidelines which schema components
may be required depending on the type of the GML application schema.

NOTE1 AnnexG contains a method to automatically create a GML profile based on a list of schema components
explicitly required by a GML application schema.
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As a starting point, consider the following guidelines:

a)

b)

d)

f)

g)

h)

j)

k)

D)

206

In an application schema modelling geographic features, gml:AbstractFeature and all schema
components required by this element are required. See Clause 9.

In an application schema modelling also feature collections, gml:AbstractFeatureMemberType and
gml:AggregationAttributeGroup are required, too, as well as all schema components required by
them. See Clause 7.

If the features have properties which make use of units of measure, gml:MeasureType and all
specific subtypes, e.g. gnl:LengthType, are required as well as all schema components required
by tth (See Clause 8J. gml:BaseUnit, gml:Derivedunit, and/or gml:ConventionalUnit Lanjnall

schemp components required by them, see Clause 16) are not required unless the application is

defining units of measure such as appear in a units of measure dictionary.

If the ppplication schema uses 0-dimensional spatial geometries, gnl:point is required (and all
schemp components required by it). See Clause 10.

If the| application schema uses only simple 1-dimensional spatial geoimetries with linjear
interpglation, only gml:LinesString is required (and all schema components required by it).|[See
Clausel10.

If the gpplication schema uses additional interpolation types, gnl ;Curve and any number of cyrve
segmepts depending on the application (but at least one) are 4equired. Again, this includeg all
schemp components required by these elements. See 10.5.10.

If the| application schema uses only simple 2-dimensional spatial geometries with ligear
interpplation along their boundaries without sharing beundary elements, only gml:Polygon fand
gml:LilnearRing are required (and all schema components required by them). See Clause 10.

If the application schema uses additional interpolation types or surface patches, gml:surface and
any nymber of surface patches depending omthe application (but at least one) are required. If
surfaces shall share geometric primitives along their boundaries, gml:Ring is required, too. Again,
this infludes all schema components required by these elements. See 10.5.10.

If the ppplication schema uses 3-dimensional spatial geometries, gm1:so1id is required (and all
schemp components required by.it}:See 10.5.10.

The geometric aggregates_schema components described in Clause 11 are required onl}, if
the fegtures use geometric_objects that are collections of geometric primitives in their spqtial
properties.

The ggometric complex and composites schema components described in Clause 11 are required
only, iffthe features-use geometric complexes in their spatial properties.

The topology schema components described in Clause 13 are required only, if the features Have
topology properties.

The Coordinate Reference System schema components described in Clause 1Z are required only,
if the application requires constructing or processing Coordinate Reference System dictionary
entries (and their supporting components).

EXAMPLE 1 Prime Meridians, Geodetic Datums, etc. are supporting components.

The temporal schemas described in Clause 14 is required only, if the application schema is
concerned with time dependent feature properties or dynamic features.

The coverage schema components described in Clause 19 are required only, if the application
involves constructing or processing coverages.

EXAMPLE 2  Remotely sensed images, aerial photographs, soil distribution, digital elevation models are
typical coverages.
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The observation schema components described in Clause 18 are required only, if the application
schema is concerned with modelling acts of observation such as taking photographs or making
measurements. In the latter case, value objects and measure schema components are in most cases
required, too.

The direction schema components described in Clause 17 are required only, if the application
schema requires direction constructs such as compass bearings. The direction schema is used by
gml:DirectedObservation.

Property elements whose content model is derived by extension from gml :AbstractMetadataPrope
rtyType, sSee 7.2.6, is used to specify application or object specific metadata application schemas.

NOT
imp
mod

E2 In many applications, you will only need to import the feature.xsd of Annex C as this|transitively
prts the simple geometry schemas and gmlBase.xsd. For a thorough discussion of schema,'depenfdencies and

ularity see Annex |.
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Annex A
(normative)

Abstract test suites for GML application schemas, GML profiles and

GML documents

A.1 Abs

A1.1 Te

Al111 U

tract test suite for GML application schemas

5t cases for mandatory conformance requirements

se of XML namespaces

a) Test i’/]lrpose: Verify the correct use of XML namespaces in a GML application schema.

b) Test

XML n
c) Refere
d) TestTy

A11.2 @

ethod: Check that all schema components in the application schema are associated with an

hmespace and that this namespace is not "http://www.opengisinet/gml/3.2".

hce: 21.2.2.

[pe: Basic Test.

eneral rules

rpose: Verify that the GML application schema obeys the general rules for constructing (

application schemas.

a) TestP
b) Test

in 21.2.1
c) Refere
d) TestTy

Al113 Iy

ML

thod: Inspect the application schema and check that it satisfies the general rules described

1.
hce: 21.2.1.

rpe: Capability Test.

mport of GML schiema components

a) Test Pyirpose: Verifythat the GML application schema imports the full GML schema and references

GMLp

Fofiles correetly.

b) Test Method:\1nispect the import statements in the application schema (the full GML schema

to be

mported directly or indirectly). In addition, if one or more GML profiles are referen

has
red,

check

hab the XML Schema components specified in the gml:gmlProfileSchema elements satisf’

r all

mandatory conformance requirements of the Abstract Test Suite in A.2.1.

c) Reference: 20.5, 21.2.3.

d) Test Type: Capability Test.

A.1.1.4 Valid XML Schema

a) Test Purpose: Verify the validity of the GML application schema XML document against the XML
Schema specification.

b) Test Method: Validate the XML document of the GML application schema against the XML Schema
specification. The process may be using an appropriate software tool for validation or be a manual

proces
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s that checks all relevant definitions from the XML Schema specification.
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‘)
d)

A.l.

a)

b)

‘)
d)

A1l

a)

b)

A.l.

a)

b)

‘)
d)
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Reference: 21.2; W3C XML Schema Part 1, W3C XML Schema Part 2 (see Clause 3).

Test Type: Capability Test.

1.5 Support for the GML model and syntax

Test Purpose: Verify that the GML application schema follows the rules for the encoding of objects

and properties.

Test Method: Check the application schema.

Reference: /.1, Clause Z21.

Test Type: Capability Test.

1.6 Substitution group of object elements, type derivation

Test Purpose: Verify that all objects in the GML application schema are in t
substitution group.

Test Method: Check the application schema that all object elements with identity are
indirectly) in the substitution group of gml:AbstractGML. Cheek that the rules for deriy
base types stated in A.1.1.6 c) are followed.

Reference: 6.2, 7.2.2,21.2.4, 21.2.5.

Test Type: Capability Test.

1.7 Property elements are not object elements
Test Purpose: Verify that all property elements in the GML application schema are not ol

Test Method: Check the applicationtschema that every child element of every object
neither directly or indirectly in the'substitution group of gml:AbstractObject.

Reference: 7.2.2, 21.2.5.

Test Type: Capability Test.

1.8 Content modelof property elements

Test Purposet Verify that all property elements in the GML application schema he
content model.

Test Méethod: Check every child element of every object element in the application schen

Reéference: 7.2.3, 21.2.6, 21.2.7.

e correct

directly or
ation from

bjects.

element is

ve a valid

Test Type: Capability Test.

1.9 Metadata and data quality properties

Test Purpose: Verify that all properties where the value is metadata about an object can be

identified as a metadata property.

Test Method: Check the GML application schema that the content model of all metadata valued

property elements is derived by extension from gml:AbstractMetadataPropertyType.
Reference: 7.2.6.

Test Type: Capability Test.
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A.1.1.10 Spatial geometry properties

a) Test Purpose: Verify that all properties where the value is a spatial geometry object can be
identified as such.

b) Test Method: Check the GML application schema that all properties with a geometric object or a
collection of such objects are declared in accordance with 9.5.

c) Reference: 9.5.

d) Test Type: Capability Test.

A.1.1.11 Spatial topology properties

a) TestPuyirpose: Verify that all properties where the value is a spatial topology object can;be identified
as suc

b) Test Method: Check the GML application schema that all properties with a topelogical object pr a
collectfion of such objects are declared in accordance with 9.6.

c) Reference: 9.6.

d) Test Type: Capability Test.

A.1.1.12 Temporal properties

a) TestPurpose: Verify that all properties where the value is a temporal object can be identified as sfich.

b) Test Method: Check the GML application schema that\all properties with a temporal object pr a
collectfion of such objects are declared in accordangewith 9.7.

c) Reference: 9.7.

d) Test Type: Capability Test.

A.1.1.13 Liocation properties

a) TestPurpose: Verify that all preperties where the value is a location description or reference cah be
identified as such.

b) Test Method: Check the\GML application schema that all properties with spatial referenceg by
geogrdphic identifiezs-use the property elements gml:locationName or gml:locationReference.

c) Reference: 9.4.2,

d) Test Type: Capability Test.

A.1.1.14 GMLobject collections

a)
b)

d)

210

Test Purpose: Verify that all objects that are collections of GML objects can be identified as such.

Test Method: Check the GML application schema that such objects have one or more property
elements with a content model that extend gml:AbstractMemberType. Check also that, if
appropriate, the gml:aggregationType attribute is a child node of the object element.

Reference: 7.2.5.

Test Type: Capability Test.
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1.15 Substitution group of feature elements

a) Test Purpose: Verify that all features in the GML application schema are in the correct

substitution group.

b) Test Method: Check the application schema that all object elements representing features are

‘)
d)

(directly or indirectly) in the substitution group of gml:AbstractFeature.
Reference: 9.3.

Test Type: Capability Test.

A1l

a)
b)

d)

A.1
Sch

A1l

A1l

b)

1.16 GML feature collections
Test Purpose: Verify that all features that are collections of GML Features can be'identif

Test Method: Check the GML application schema that such features haverone or mor
elements with a content model that extends gml:AbstractFeatureMemberType. Check i
appropriate, the gml:aggregationType attribute is a child node of the object element.

Reference: 9.9.

Test Type: Capability Test.

.2 Test cases for GML application schemas converted from an ISO 19109 Apj
ema in UML

2.1 Valid ISO 19109 Application Schema

Test Purpose: If the GML application schema is mapped from an ISO 19109 Application|
UML, verify that the UML application schema satisfies the requirements of ISO 19109.

Test Method: Check the conformangce:ef the UML application schema with ISO 19109 and
the UML application schema has-béén constructed in accordance with E.2.1.

Reference: ISO 19109:2005, €lause 2, Annex A; [SO 19136:2007, E.2.1.

Test Type: Capability Test:

2.2 Mapping fromvan ISO 19109 Application Schema in UML

Test Purposexlf the ISO 19109 Application Schema in UML satisfies the requirement]
A.1.2, verify‘that the GML application schema has been derived from the UML applicat
correctly.

Test \Method: Compare both descriptions of the application schema and check w

cdonversion from UML to XML Schema is in accordance with the conversion rules in E.2.4.

ed as such.

e property
\lso that, if

plication

Schema in

check that

5 stated in
on schema

hether the

‘)
d)

Reference: E.2.4.

Test Type: Capability Test.

A.1.3 Test cases for ISO 19109 Application Schemas in UML converted from a GML
application schema

A.1.3.1 Valid GML application schema

a) TestPurpose: If the GML application schema is mapped to an ISO 19109 Application Schema in UML,

verify that the GML application schema has been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with E.2.1.
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‘)
d)

Reference: F.2.1.

Test Type: Capability Test.

A.1.3.2 Mapping to an ISO 19109 Application Schema in UML

a)

Test Purpose: If the GML application schema satisfies the requirements stated in A.1.3, verify that
the ISO 19109 Application Schema in UML has been derived from the GML application schema
correctly.

Test Method: Compare both descriptions of the application schema and check whether the
conversion from XML Schema to UML is in accordance with the conversion rules in F.2.3.

Referepce: F.2.3.

Test Type: Capability Test.
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Test Pyirpose: If the GML application schema defines spatial geometric objects, verify that the ¢ML
application schema has been constructed corrégtly.

Test Method: Check that the GML application schema has been constructed in accordance with 41.4.
Reference: 21.4.

Test Type: Capability Test.

Test Plirpose: If the GML application schema defines spatial topology objects, verify that the GML
application schema‘has been constructed correctly.

Test Method: Check that the GML application schema has been constructed in accordance with Z1.5.
Referepnces 24.5.

Test T_y pe: Capa]ui}it_y Test:

A.1.7 GML application schemas defining time

a)

b)

<)
d)

212

Test Purpose: If the GML application schema defines temporal objects, verify that the GML
application schema has been constructed correctly.

Test Method: Check that the GML application schema has been constructed in accordance with 21.6.
Reference: 21.6.

Test Type: Capability Test.
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b)

‘)
d)
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.8 GML application schemas defining coordinate reference systems

Test Purpose: If the GML application schema defines coordinate reference system objects, verify

that the GML application schema has been constructed correctly.

Test Method: Check that the GML application schema has been constructed in accordance with 21.7.

Reference: 21.7.

Test Type: Capability Test.

A1
a)

b)

‘)
d)

A1l

[9—GMLappticatiom schenras defimng coverages

.11 GML application schemas defining dictionaries and definitions

.12 GML-application schemas defining values

Test Purpose: If the GML application schema defines coverage features, verify\that the GML

application schema has been constructed correctly.
Test Method: Check that the GML application schema has been constructed infaccordance
Reference: 21.8.

Test Type: Capability Test.

10 GML application schemas defining observations

e with 21.8.

Test Purpose: If the GML application schema defines sitnple observation features, verify that the

GML application schema has been constructed correctly.
Test Method: Check that the GML application schema has been constructed in accordanc
Reference: 21.9.

Test Type: Capability Test.

Test Purpose: If the GML application schema defines dictionary and definition objects,
the GML application schema‘has been constructed correctly.

Test Method: Check that the GML application schema has been constructed in accordance
Reference: 21.10.

Test Type: Capability Test.

Test Purpose: If the GML application schema defines value objects, verify that the GML
schema has been constructed correctly.

b with 21.9.

verify that

with 21.10.

hpplication

d)

Test Method: Check that the GML application schema has been constructed in accordance
Reference: 21.11.

Test Type: Capability Test.

A.2 Abstract test suite for GML profiles

A.2.

1 Valid GML profile

with 21.11.

a) Test Purpose: Verify that a profile is a GML profile in accordance with the rules and guidelines

stated in Clause 20 and 21.12.

© IS0 2020 - All rights reserved
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b) Test Method: Inspect the profile.

c) Reference: Clause 20, 21.12.

d) Test Type: Capability Test.

A.2.2 Geometric primitives (spatial)

A.2.2.1 Data types for geometric primitives

b) Test Method: Inspect the profile.

c) Reference: 10.3,11.3.2.

d) Test Type: Capability Test.

A.2.2.1.2 |Data types for 1-dimensional geometry

a) Test Phirpose: Verify that the GML profile satisfies all the‘téquirements of A.2.2.1.1 and incly
gml:Cyrve, gml:LineStringSegment, gml:LineString, and-gml:CurvePropertyType. If the GML pr
also includes gml:MultiCurve, verify that it includes,gml:MultiCurvePropertyType. Verify tha
non-dgprecated properties of the object elements aie part of the profile with a maxOccurs valu
atleasf "1".

b) Test Method: Inspect the profile.

c) Reference: A.2.2.1.1,10.4.1,10.4.2, 10.414,°10.4.5, 10.4.7, 10.4.7.4 t0 10.4.7.21, 11.3.3.

d) Test Type: Capability Test.

A2.2.1.3
a) TestP
gml:Sy
and gi
MultiS
part of
b) TestM
c)

d)

Data types for 2-dimensional geometry

irpose: Verify that.the GML profile satisfies all the requirements of A.2.2.1.2 and incly
rface, gml:RolygonPatch, gml:Polygon, gml:SurfacePropertyType, gml:LinearR
ml:Ring. If the'GML profile also includes gml:MultiSurface, verify that it includes ¢
urfacePropertyType. Verify that all non-deprecated properties of the object elements
the profilé with a maxOccurs value of at least "1".

ML
that
hlue

des
file
F all
e of

des
ing,
rml:
are

Fthod: Inspect the profile.

Reference: A.2.2.1.2,10.5.1, 10.5.2, 10.5.4 to 10.5.9, 10.5.10, 10.5.11.1, 10.5.12.4 t0 10.5.11.6, 11.3.4.

Test Type: Capability Test.

A.2.2.1.4 Data types for 3-dimensional geometry

a)

b)

214

Test Purpose: Verify that the GML profile satisfies all the requirements of A.2.2.1.3 and includes
gml:Solid, gml:SolidPropertyType, and gml:Shell. If the GML profile also includes gml:MultiSolid,
verify that it includes gml:MultiSolidPropertyType. Verify that all non-deprecated properties of the

object

Test M

elements are part of the profile with a maxOccurs value of at least "1".

ethod: Inspect the profile.
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A.2.
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Reference: A.2.2.1.3,10.6.1,10.6.2, 10.6.4 to 10.6.6, 11.3.5.

Test Type: Capability Test.

.3 Geometric complexes (spatial)
3.1 Data types for geometric complexes

3.1.1 Data types for 1-dimensional geometric complexes

a)

b)

d)

A2

b)

d)

A2

b)

‘)
d)

A2

Test Purpose: verify that the GMLE profite satisfies aitt the requirements of A.4
includes gml:CompositeCurve, gml:OrientableCurve, gml:GeometricComplex;
GeometricComplexPropertyType. Verify that all non-deprecated properties of the\obje
are part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Reference: A.2.2.1.2,10.4.6,11.2.1.1,11.2.1.2,11.2.2.1,11.2.2.2.

Test Type: Capability Test.

3.1.2 Data types for 2-dimensional geometric complexes

Test Purpose: Verify that the GML profile satisfies all the Tequirements of A.2.2.1.3 an

.2.1.2 and
hnd  gml:
t elements

dA.231.1

and includes gml:CompositeSurface and gml:OrientableSurface. Verify that all non-
properties of the object elements are part of the profile with a maxOccurs value of at led

Test Method: Inspect the profile.

Reference: A.2.2.1.3,A.2.3.1.1,10.5.11, 11.2.2.3.

Test Type: Capability Test.

3.1.3 Data types for 3-dimensional geometric complexes

leprecated
St n 1".

dA.2.3.1.2

Test Purpose: Verify that-the ' GML profile satisfies all the requirements of A.2.2.1.4 an
and includes gml:CompositeSolid. Verify that all non-deprecated properties of the obje
are part of the profilewith a maxOccurs value of at least "1".

Test Method: Inspect the profile.
Reference: A2222.1.4,A.2.3.1.2,11.2.2.4.

Test Type; Capability Test.

.4."“Topologic complexes (spatial)

t elements

A.2.

A.2.

a)

b)

4.1 Data types for topologic complexes

4.1.1 Data types for 1-dimensional topologic complexes

TestPurpose: Verifythatthe GMLprofileincludes gml:TopoComplex, gml:TopoComplexPropertyType,
gml:Node, gml:directedNode, gml:Edge, and gml:directedEdge. Verify that all non-deprecated
properties of the object elements are part of the profile with a maxOccurs value of at least "1"

except for gml:pointProperty in gml:Node and gml:curveProperty in gml:Edge.
Test Method: Inspect the profile.

Reference: 13.2,13.3.1,13.3.2,13.3.3, 13.5.
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d) Test Type: Capability Test.

A.2.4.1.2 Data types for 2-dimensional topologic complexes

a)

b)

‘)
d)

A.2.4.1.3 |Data types for 3-dimensional topologic complexes

a)

b)

‘)
d)

A.2.5 Topologic complexes with geometric realization (spatial)
A.2.5.1 Data types for topologic complexes with geometric realization

A.2.5.1.1 |Data types for 1-dimensional topolegic complexes with geometric realization

a)

A.2.5.1.2 |Data types for 2-dimensional topologic complexes with geometric realization

d)

Test Purpose: Verify that the GML profile satisfies all requirements of A.2.4.1.1 and includes gml:
Face, and gml:directedFace. Verify that all non-deprecated properties of the object elements are part
of the profile with a maxOccurs value of at least "1" except for gml:surfaceProperty in gml:Face.

Test Method: Inspect the profile.

Reference: A.2.4.1.1,13.3.4.

Test Tyfpe: Capability Test.

Test Plirpose: Verify that the GML profile satisfies all requirements of A.2.4.1.2)and includes gml:
TopoS¢lid, and gml:directedTopoSolid. Verify that all non-deprecated properties of the objject
elements are part of the profile with a maxOccurs value of at least "1" except,for gml:solidProp¢rty
in gml|TopoSolid.

Test Method: Inspect the profile.
Reference: A.2.4.1.2, 13.3.5.

Test Tyfpe: Capability Test.

Test Hurpose: Verify that the GML\profile satisfies all requirements of A.2.2.1.1, A.2.2.1.2
and A[2.4.1.1. Verify that it includes the properties gml:pointProperty in gml:Node and gml:
curveHroperty in gml:Edge withramaxOccurs value of at least "1".

Test Method: Inspect the prefile.
Referepce: A.2.2.1.1,A.224.2,A.2.4.1.1,13.3.2,13.3.3.

Test Tyfpe: Capability-TPest.

icpose: Verify that the GML profile satisfies all r

equirements of A.2.2.1.3 and A.2.4.1.2. Verify
thatlt a e m plHace AZl b33 CCUES - of3 eas "1".

Test Method: Inspect the profile.

Reference: A.2.2.1.3,A.2.4.1.2,13.3.4.

Test Type: Capability Test.

A.2.5.1.3 Data types for 3-dimensional topologic complexes with geometric realization

a)

216

Test Purpose: Verify that the GML profile satisfies all requirements of A.2.2.1.4 and A.2.4.1.3. Verify

that it includes the property gml:solidProperty in gml:TopoSolid with a maxOccurs value of at least
"1".
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b) Test Method: Inspect the profile.
c) Reference:A.2.2.1.4,A.2.4.1.3,13.3.5.

d) Test Type: Capability Test.

A.2.6 Coordinate reference systems

a) Test Purpose: Verify that the GML profile contains all schema components defined in Clause 12 that
are identified as mandatory or mandatory under the conditions in accordance with ISO 19111.

b) rfestMethodimspecttieprofite:

c) |Reference: Clause 12, ISO 19111:2007, Tables 1 to 41 and, in the case of projected [coordinate
reference systems, Tables 42 to 56.

d) |Test Type: Capability Test.

A.2l7 Coordinate operations

a) |Test Purpose: Verify that the GML profile contains all schema components defined in 14.6 that are
identified as mandatory or mandatory under the conditions in accordance with ISO 19111.

b) [Test Method: Inspect the profile.
c) [Reference: 12.6,1S0 19111:2007, Tables 42 to 56.

d) |Test Type: Capability Test.

A.2l8 Temporal geometry

A.218.1 Data types for 0-dimensional geometry

a) |TestPurpose: Verify thata GML profile includes gml:Timelnstantand gml:TimelnstantPrdpertyType.
Verify that all non-deprecated\properties of the object elements are part of the profile with a
maxOccurs value of at least #1".

b) |Test Method: Inspect the'profile.
c) |Reference: 14.2.1.1;14/2.1.2,14.2.1.4, 14.2.2.2,14.2.2.3,14.2.2.4, 14.2.2.7.

d) |Test Type: Capability Test.

A.218.2 Data'types for 1-dimensional geometry

a) |TestiPurpose: Verify that a GML profile satisfies the requirements of A.2.8.1 and indludes gml:
TimePeriod and gml:TimePeriodPropertyType. Verify that all non-deprecated properifties of the

nh}'pr‘f elements are part ofthe prnfilp with amaxQOccursvalue of atleast"1"

b) Test Method: Inspect the profile.
c) Reference: A.2.8.1,14.2.2.5,14.2.2.6.

d) Test Type: Capability Test.

A.2.9 Temporal topology

a) Test Purpose: Verify that a GML profile satisfies the requirements of A.2.8.2 and includes gml:
TimeNode, gml:TimeNodePropertyType, gmlTimeEdge, gmlTimeEdgePropertyType, gml:
TimeTopologyComplex, and gml:TimeTopologyComplexType. Verify that all non-deprecated
properties of the object elements are part of the profile with a maxOccurs value of at least "1".
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b) Test Method: Inspect the profile.

c) Reference: 14.3.2.

d) Test Type: Capability Test.

A.2.10 Temporal reference systems

a)

b)

‘)
d)

A.2.11 Dynamic features

a)

b)

‘)
d)

A.2.12 Di¢tionaries

a)

b)

‘)
d)

A.2.13 Uniits dictionarie’s

a)

b)
‘)

Test Purpose: Verify that a GML profile includes gml:TimeReferenceSystem and at least one of gml:
TimeCoordinateSystem, gml:TimeCalendar, gml:TimeClock, gml:TimeOrdinalReferenceSystem.
Verify that all non-deprecated properties of the object elements are part of the profile with a

maxOdcurs value of at least "1".
Test Method: Inspect the profile.
Referepce: 14.4.

Test Tyfpe: Capability Test.

Test P

DynanpicFeature, gml:AbstractTimeSlice, and gml:history. Verify that all non-deprecated proper

of the
Test M

Refere

Test Tyfpe: Capability Test.

Test P

propeifties of the object elements are partof the profile with a maxOccurs value of at least "1".

Test M

Refere

Test Tyfpe: Capability Test.

TestP

and gnpl:ConventionalUnit. Verify that all non-deprecated properties of the object elements are J
of the profilé with a maxOccurs value of at least "1".

irpose: Verify that a GML profile satisfies the requirements 6f A.2.8.2 and includes ¢

bbject elements are part of the profile with a maxOccurs vdlue of at least "1".
ethod: Inspect the profile.
nce: A.2.8.2, 14.5.

lrpose: Verify that a GML profile_includes gml:Dictionary. Verify that all non-deprecd

ethod: Inspect the profile.

nce: Clause 15.

rpose: Verify thata GML profile includes gml:UnitDictionary, gml:BaseUnit, gml:DerivedU

rml:
ties

ted

nit,
part

Test Methodrimspectthe profite:

Refere

nce: 16.2.

d) Test Type: Capability Test.

A.2.14 Observations

a)

b)

218

Test Purpose: Verify that a GML profile includes gml:Observation and gml:DirectedObservation.
Verify that all non-deprecated properties of the object elements are part of the profile with a
maxOccurs value of at least "1".

Test M

ethod: Inspect the profile.
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Reference: 17.1, 18.2.

Test Type: Capability Test.

A.2.15 Coverages

A.2.

a)

b)

d)

A2

b)

d)

A.2

b)

d)

A2

b)

c)
d)

A.2.

a)

b)

15.1 Abstract coverage

Test Purpose: Verify that a GML profile includes gml:AbstractCoverage. Verify that all non-

deprecated properties of the object elements are part of the profile with a maxOccurs

laact "1"
T T+

value of at

T

Test Method: Inspect the profile.

Reference: 16.4,19.3.1, 19.3.4 to 19.3.21.

Test Type: Capability Test.

15.2 Discrete point coverage

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and ing
MultiPointCoverage. Verify that all non-deprecated properties©f the object elements are
profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.
Reference: A.2.15.1, 19.3.16.

Test Type: Capability Test.

15.3 Discrete curve coverage

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and inc
MultiCurveCoverage. Verify that all non-deprecated properties of the object elements
the profile with a maxOccurs value of at least "1".

Test Method: Inspect the(pyofile.

Reference: A.2.15.1,49.3.17.

Test Type: Capability Test.

15.4 Discrete surface coverage

Test _Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and in
MultiSurfaceCoverage. Verify that all non-deprecated properties of the object elements

ludes gml:
partof the

ludes gml:
hre part of

ludes gml:
are part of

the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Reference: A.2.15.1, 19.3.18.

Test Type: Capability Test.

15.5 Discrete solid coverage

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and includes gml:

MultiSurfaceCoverage. Verify that all non-deprecated properties of the object elements
the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.
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c) Reference: A.2.15.1,19.3.19.

d) Test Type: Capability Test.

A.2.15.6 Grid coverage

a)

b)

‘)
d)

A.2.15.7 Continuous coverage

a)

b)

c)
d)

A3

A.3.1 Exjstence of a reference to an applicable GML application schema

a)

b)

‘)
d)

A.3.2 Exjstence of'the referenced GML application schema

a)
b)

‘)
d)

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and includes gml:
GridCoverage and gml:RectifiedGridCoverage. Verify that all non-deprecated properties of the
object elements are part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Referepce: A.2.15.1, 19.3.20, 19.3.21.

Test Tyfpe: Capability Test.

Test Plirpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and includes ¢
AbstractContinuousCoverage. Verify that all non-deprecated properties pf\the object elements

parto

Test Method: Inspect the profile.
Referepce: A.2.15.1, 19.3.3.

Test Type: Capability Test.

Abstract test suite for GML documents

Test P

GML dpcument.

Test Method: Check that an XML-Schema file representing a GML application schema is referer

in the

Referepce: 21.1.

Test Type: Basic Test,

Test P

Test Method: Check that the XML Schema file representing the GML application schema referer

f the profile with a maxOccurs value of at least "1".

irpose: To verify the existence of-aréference to a GML application schema applicable to

ksi:schemaLocation attpibute of the root element of the GML document.

rml:
are

the

ced

wllerpose: To verify the existence of a GML application schema applicable to the GML documient.

ced

from the GML document can be accessed. Check that also all documents directly or indirectly
accessed by the referenced file can be accessed.

Reference: 21.1.

Test Type: Basic Test.

A.3.3 Conformance of the referenced GML application schema

a) Test Purpose: Verify that the GML application schema referenced from the GML document is
conformant to this document.

b) Test Method: Verify that the application schema has passed all of the applicable tests specified in A.1.

220
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a)

b)
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Reference: A.1.

Test Type: Capability Test.

4 Valid XML

Test Purpose: Verify the validity of the GML document against the XML Schema components of the

conformant GML application schema.

Test Method: Validate GML document against the referenced GML application schema. The process
may be using an appropriate software tool for validation or be a manual process that checks all

d)

relevant definitions from the XML Schema specification.
Reference: 21.1.

Test Type: Capability Test.

.5 Conformance of a GML document

Test Purpose: Verify that the GML document complies with all othér)constraints specif
document.

Test Method: Check that the requirements A.3.1 to A.3.3./are’satisfied, that the GML
satisfies the requirements of A.3.4 and that it complies with*all other constraints speci
document.

Reference: Clauses 7 to 21, in particular 7.2.3.4, 10.143:2, 10.1.3.3,10.1.4.2, 16.4.11.

Test Type: Capability Test.
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c)
d)

B.1.

a)

b)

c)
d)

B.1.

a)

b)

d)

222

Test P

Test M
Check
furthe
with a

Refere

Annex B
(normative)

Abstract test suite for software implementations

rpose: Verify that a GML profile has been documented that is fully supported by,the software
implementation.

1 schema components in the profile.

hce: A.1.12.

Test Type: Capability Test.

2 Su

pport for local simple Xlinks

ethod: Check the documentation of the software implementation tondentify the profile.
the profile that is satisfies the requirements of the Abstract Test Suite in A.1.12. CHeck
I that the software implementation fully supports the profile and-the semantics associjted

Test Pyirpose: If the software implementation has the‘capability to process GML object elements in

XML fi
GMLd

rmat, verify that an implementation supports references to other objects within the s
bcument.

Test Method: Check that the implementation can process property instances that use the xljnk:
href attribute with a content of a shorthand Xpointer pointing to a resource within the same XML
document.

Refere

hce: 8.1.

Test Type: Capability Test,

3 Co

Test P
in XM
mecha
featur

prdinate referénce systems used in features (software implementation)

. formatiand if the GML profile of the implementation includes features, verify that
hismfor setting the default coordinate reference system for all geometric objects with|
e s fellowed.

Ame

nk:

irpose: If the' software implementation has the capability to process GML object elemg¢nts

the
in a

Test Method: Check the Implementation that the srsName attribute of a gml:Envelope element that
is the value of the gml:boundedBy property of a feature is used as the default coordinate reference
system for all geometric objects encoded inline of the feature element.

Refere

nce: 9.10.

Test Type: Capability Test.
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B.2 Test cases for optional conformance requirements for software
implementations with the capability to process GML object elements in XML format

B.2
a)

b)

.1 Support for remote simple Xlinks

Test Purpose: Verify that an implementation supports references to other objects within or outside
the same GML document.

Test Method: Check that the implementation satisfies the requirements of A.1.1.1 and can process
property instances that use the xlink:href attribute with a content of an Xpointer pointing to a

c)

.2 Support for extended Xlinks

.3 Support for nillable properties

.4 Support for units of measurement

3 3 foida ICUNAYA Y A D2 | -t
TCSoOUTCCoutsTaCTIC—SartrC v O COTCrre:

Reference: 8.1.

Test Type: Capability Test.

Test Purpose: Verify that an implementation supports extended Xlinks.
Test Method: Check that the implementation can process extended Xlink attributes.
Reference: 8.1.

Test Type: Capability Test.

Test Purpose: Verify that an implementation supports nillable properties.

Test Method: Check that the implementation can process GML application schemas with property
element declarations with the attribite xsi:nillable and that the implementation can process
instances with the attributes xsi:nil'\and gml:nilReason in these elements.

Reference: 8.2.3.1 to 8.2.3.2.

Test Type: Capability Test-

Test Purpose: Verify that an implementation can convert between two units of the same|kind.

Test Method:~Check that the implementation can process values in the uom attribyte of gml:
MeasureType as specified in 7.3.3.7 and convert measures to another unit of the same kiind using a
units dietionary as specified in 16.2.

Réference: 8.2.3.6, 16.2.

d)

B.2.

a)
b)

d)

Test Type: Capability Test.

5 Support for ownership semantics of properties
Test Purpose: Verify that an implementation supports the "owns" attribute.

Test Method: If an implementation is capable of deleting objects from a GML document, check that
the implementation deletes all objects that owned by another object as indicated by the owns
attribute, if that object is deleted.

Reference: 7.2.3.5.

Test Type: Capability Test.
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B.2.6 Metadata properties

a) Test Purpose: Verify that properties where the value is metadata about an object are identified as a
metadata property.

b) Test Method: Check the implementation that property elements whose content model is derived
from gml:AbstractMetadataPropertyType are identified as metadata properties.

c) Reference: 7.2.6.

d) Test Type: Capability Test.

B.2.7 Support for GML profiles in instance validation
a) Test Pyirpose: Verify that an implementation can use GML profiles for instance validation!

b) Test Method: Check that the implementation uses the GML profiles for instancervalidation if|the
profilgs are referenced from an application schema using a gm1:gm1ProfileSchegaannotation.

c) Reference: 20.5.

d) Test Type: Capability Test.

B.3 Test cases for writing GML

B.3.1 Serialization capability
a) Test Pyirpose: Verify the existence of the serialization 6peration of the implementation.

b) Test Method: Inspect the software implementation and its documentation to check that|the
implementation implements a serialization operation that writes valid instances of GML objec{s in
XML fgrmat.

c) Reference: A.3.
d) Test Type: Basic Test.

B.3.2 Serialization validity

a) TestPurpose: Verify thatthe result of the serialization operation is conformant with this documgent.

b) Test Method: Write-typical GML documents using the serialization operation and check that|the
GML objects in XM format are valid.

c) Reference: As3-

d) Test Type: Capability Test.

B.4 Test case for reading GML

a) Test Purpose: If the implementation has the capability to create implementation objects from GML
object elements in XML and to serialize these implementation objects back to GML objects in XML
format, verify that it does so validly.

b) Test Method: Check that successive actions of object creation and serialization (see B.1.2) produce
the result that is without loss of information.

c) Reference: A.3.

d) Test Type: Capability Test.
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B.5 Test cases for writing GML application schemas

B.5.

a)
b)

1 Serialization capability
Test Purpose: Verify the existence of the serialization operation of the implementation.

Test Method: Inspect the software implementation and its documentation to chec

k that the

implementation implements a serialization operation that writes valid instances of GML application

schemas in XML Schema format.

Reference: A.1.

d)

B.5

b)

d)

B.4

.2 Serialization validity

Test Type: Basic Test.

Test Purpose: Verify that the result of the serialization operation is conformant with this

Test Method: Create typical GML application schemas using the serialization operation
that the GML application schemas conform to the GML profile of-the implementation
document.

Reference: A.1, B.1.1.

Test Type: Capability Test.

Test cases for reading GML application‘schemas

Test Purpose: If the implementation has the;capability to create implementation objects
application schema in XML and to serialize these implementation objects back to GML
schemas in XML format, verify that it does so validly.

Test Method: Check that successivéjactions of object creation and serialization (see B.
the result that is without loss of information.

Reference: A.1, B.5.

Test Type: Capability Test.

document.

and check
hnd to this

from GML
hpplication

b) produce
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XML Schema documents with the GML schema are available online at:

http://schgmas.opengis.net/gml/3.2.1/

Annex C
(informative)

GML schema

NOTE The use of “3.2.1” in the URL is unchanged since this version 3.2.2 is intended to replace the-prevjous
GML 3.2.1 s¢hema.

The schem

schema dofuments:

basicTypes.xsd

coordipateOperations.xsd

coordipateReferenceSystems.xsd

coordipateSystems.xsd
coverajge.xsd
datumfs.xsd

dictionary.xsd

direction.xsd
dynanjicFeature.xsd
feature.xsd
geomeltryAggregates.xsd
geomeftryBasicO0d1d.xsd
geomeltryBasic2d.xsd
geomeftryComplexes.xsd

geomeftryPrimitives.xsd

a components are modularized in the structure shown in Annex ], i.e. into the following

gml.xs|
gmlBase.xsd
grids.xsd
measures.xsd
observation.xsd
referenceSystems.xsd

temporal.xsd

226

temporalReferenceSystems.xsd
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— temporalTopology.xsd

— topology.xsd

— units.xsd

— valueObjects.xsd

The additional document defaultStyle.xsd contains informative schema components.

An Xlinks XML Schema document is located at http://www.w3.org/1999/xlink.xsd.
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Annex D
(normative)

Implemented profile of the ISO 19100 series of International

Standards and extensions

D.1 Genleral remarks

The gener3
in Clause 6

I relationship between the ISO 19100 series of International Standards and GMIsis.discug
. This annex describes in detail the profile of the conceptual model defined in-the ISO 19

series of International Standards implemented by GML (see D.2) as well as the extensjons to this prq

(see D.3).

In this doc

D.2 Pro

D.2.1 Ov

The follow
used by GM
GML sche

NOTE 1
schema. Ho
the implem
(simple or

substitutab
subclauses

Only elemsg
other Inter

Due to the

iment “profile” means a pure subset.

file of the ISO 19100 series of International Standards used by GML

erview

ng subclauses describe the profile of the ISO 19100 series of International Standards th
[L. In the description of the class diagrams of the'profile, the relationship and mapping to|

rlE are discussed.
|

general the encoding rules discussed in Anhex E were used also in the encoding of the
vever, since the GML schema was mostly ‘hahdcrafted it exploits more of the specific capabiliti
bntation environment, i.e. XML and XML/ Schema. Examples are a number of predefined basic t)

e (e.g. to define aliases for deprecated property names). These cases are documented in the folloy
r are straightforward.

bnts from International-Stahdards discussed below are part of the profile. Elements fi
national Standards are hot part of the profile.

nature of GML no.eperation of any class is part of the profile.

In additio

, interface elasses (stereotype <<Interface>>) without data structures and “Realizat

relationships to classés-without data structures have been deleted.

Furthermdre, thé navigability of associations has been restricted to the directions in which (
represents| explicit object properties (most associations in the GML schema are navigable only
single direftion).

sed
100
file

it is
the

ML
s of
'pes

omplex types with simple content)wor’the use of global elements also for properties to be njade

ving

O1m

on

ML
na

NOTE 2

NOTE 3
Annex E.

NOTE 4

No deprecated types, elements and attributes of GML are considered in this annex.

The general rules for the UML-to-XML-Schema mapping for GML application schemas are defined in

In this annex the namespace "xsd:" is used to refer to the namespace of XML Schema, which is "http://

www.w3.0rg/2001/XMLSchema". The namespace “gml:” refers to the namespace of GML, which is “http://www

.opengis.net/gml/3.2".

Table D.1 provides a mapping between the high-level packages of the ISO 19100 series of International
Standards and the subclauses of this document defining GML schema components implementing types

from these
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Table D.1 — Overview of the implemented packages of the ISO 19100 series of International

Standards
UML package UML cl.ass I1SO 19136 Annex D
prefix subclause subclause

ISO/TS 19103:Basic Types:Units of Measure — 8.2.3.6,16.2 D.2.2
ISO 19107:Geometry:Geometric root GM 10.1.3 D.2.3.2
ISO 19107:Geometry:Geometric primitive GM 10.2,10.3,10.4, D.2.3.3
ISO 19107:Geometry:Geometric complex GM 11.2 D.2.3.6
[SO119107:Geometry:Geometric aggregates GM 11.3 0.2.3.5
IS0/ 19107:Geometry:Coordinate geometry GM 10.1.4 0.2.3.4
1S0[19107:Topology:Topology root TP 13.2 0.2.4.2
[S0[19107:Topology:Topology primitive TP 13.3 0.2.4.3
IS0 19107:Topology:Topology complex TP 13.5 244
[S0| 19108:Temporal Objects ™ 14.2,14.3 D.2.5.2toD.2.5.6
IS0} 19108:Temporal Reference System ™ 144 h.2.5.7
IS0 19111:SC_CoordinateReferenceSystem SC 12.2,12.3 D.2.7.3
[S0119111:SC_CoordinateSystem CS 12.4 D.2.74
[S0[19111:SC_Datum GD 12.5 D.2.7.5
[S0119111:SC_CoordinateOperation €C 12.6 D.2.7.6
1SO1 19123 Ccv 19 D.2.11

Table D.2 provides a mapping between conceptual UML classes implemented by this docum
asspciated GML object element, XML Schema type‘and GML property type.

The table consists of four columns. To provide a complete mapping from the UML type (first
XML Schema as used by GML, three diffedent mappings are required which are shown in the
columns. This is a result of the differences in mapping the General Feature Model to UML ¢
Schpma, mainly because XML Schema’/separates XML elements and their content model.

Thd table has to be read as follows:

— | The first column ("UMUL-class") lists a class from the ISO 19100 series which is impleme
GML schema.

In some casesythis column is empty ("—") which indicates that the GML elements
in the othef/eslumns implement a concept that is not specified in the ISO 19100 se
introduced’in D.3.

— |The second column ("GML object element") specifies the GML object element that i
thetype.

bnt and the

column) to
hree other
nd to XML

nted in the

and types
ries but is

mplements

This information is in particular used in two situations in the encoding rules in Annex E

— when no predefined property type for the object element is part of the GML schema (see the

fourth column) and a property type has to be created in the application schema,

— whenasubtype of the type is specified in an application schema in which case the object element
representing the subtype is to be defined as part of the substitution group of the object element

of the type.

Where no corresponding object element exists in the GML schema, this is indicated by an empty

cell ("—").
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— The third column ("GML type") specifies the XML Schema type that defines the content model of the
GML object element in the second column.

This XML Schema type is in particular used in the encoding rules in Annex E when a subtype of
the type in the first column is modelled in an application schema; in this case, the XML Schema
implementation will specify a derived type of the XML Schema.

Where no corresponding XML Schema type exists in the GML schema, this is indicated by an empty
cell ("—").

— The fourth column ("GML property type") specifies the type that is used as the XML Schema type, if

the tyIT—d—l_F—rﬂ-l_l_L—h_l_Eh—Fh_lie ISUsed as a value of a property in the application schema. In this case, this column proyv
the value of the XML Schema type that is the implementation of that type in the GML schema.

EXAME
represq

LE If a feature type has a property with a type of "GM_Point", then in the XML Sch
ntation the corresponding GML property element declaration has gml:PointPropertyType as its t

des

ema
ype.

In cas¢ of a class with stereotype <<DataType>>, no XML Schema representation -of the property
is proyided as the data types specified in the GML schema are typically not inténded to be usefl as
values|of feature properties.
In sonje cases, the GML schema does not contain a predefined propetty-type for that type arfd if
requirpd by an application schema, the property type needs to be constructed in accordance yith
the rules for GML property types (see 7.2.3) where the GML object.element is given in the sedond
column of the same row.
If the yalue is annotated with "(group)”, then the property.is implemented by a reference to|the
global jgroup stated in the cell instead of a local property€lement.
Table D.2 — Implementation of types from the 15019100 series of International Standardp
UML class GML object element GML type GML property type
GM_Object gml:AbstractGeometry gml:AbstractGeometryType gml:GeometryPropertyType
GM_Primitive gml:AbstractGeometricPrinitive | gml: gml:
AbstractGeometricPrimtiveType | GeometricPrimtivePropertyType
DirectPositioph — — gml:DirectPositionType
GM_Position — — gml:geometricPositionGrouy
(group)
GM_PointArrhpy — — gml:geometricPositionListGfoup
(group)
GM_Point gml:Point gml:PointType gml:PointPropertyType
GM_Curve gml:Curve gml:CurveType gml:CurvePropertyType
GM_Surface gml:Surface gml:SurfaceType gml:SurfacePropertyType
GM_PolyhedrplSurface gml:PolyhedralSurface gml:PolyhedralSurfaceType anonymous property type?
GM_TrianguldtedStirface gml:TriangulatedSurface gml:TriangulatedSurfaceType anonymous property type
GM_Tin gml:Tin gml:TinType anonymous property type
GM_Solid gml:Solid gml:SolidType gml:SolidPropertyType
GM_OrientableCurve gml:OrientableCurve gml:OrientableCurveType gml:CurvePropertyType
GM_OrientableSurface gml:OrientableSurface gml:OrientableSurfaceType gml:SurfacePropertyType
GM_Ring gml:Ring gml:RingType —
GM_Shell gml:Shell gml:ShellType —
— gml:LineString gml:LineStringType —
— gml:Polygon gml:PolygonType —
— gml:LinearRing gml:LinearRingType —
a2 An anonymous type following the pattern for GML property types. The object element referenced or embedded inline is the
element in the fourth column in the same row.
b Multiple values in the second column are given to support the reverse mapping described in AnnexF.
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(continued)
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UML class

GML object element

GML type

GML property type

GM_CompositePoint

gml:Point

gml:PointType

gml:PointPropertyType

GM_CompositeCurve

gml:CompositeCurve

gml:CompositeCurveType

anonymous property type

GM_CompositeSurface

gml:CompositeSurface

gml:CompositeSurfaceType

anonymous property type

GM_CompositeSolid

gml:CompositeSolid

gml:CompositeSolidType

anonymous property type

GM_Complex

gml:GeometricComplex

gml:GeometricComplexType

gml:
GeometricComplexPropertyType

GM_Aggregate

gml:MultiGeometry

gml:MultiGeometryType

gml:

pertyType

DV S PRY.) n
TVIUICIOCONTCtT YT IO

oS

GMjMultiPoint gml:MultiPoint gml:MultiPointType gml:MultiPoinﬂS@ bertyType
GMjMultiCurve gml:MultiCurve gml:MultiCurveType gml:Multﬁ@e‘%’rc pertyType
GM_|MultiSurface gml:MultiSurface gml:MultiSurfaceType gml:Mtﬁ{iSt‘frfaceP opertyType
GM_|MultiSolid gml:MultiSolid gml:MultiSolidType gﬁ@:ltiSOIidProI ertyType
GM_|MultiPrimitive gml:MultiGeometry gml:MultiGeometryType Cfr}ﬂJ
N ultiGeometryPropertyType
GM [CurveSegment gml:AbstractCurveSegment gml:AbstractCurveSegmﬁ@pe —
GM |Arc gml:Arc gml:ArcType , \‘O —
GM |ArcByBulge gml:ArcByBulge gml:AchyBulgeTy]é\ —
— gml:ArcByCenterPoint gml:AchyCeP-téQJOintType —
GM JArcString gml:ArcString gml:ArcStx@Mpe —
GM JArcStringByBulge gml:ArcStringByBulge gml:/}{c@tiﬁgByBulgeType —
GM |Bezier gml:Bezier gm};?}Z\ilerType —
GM |BsplineCurve gml:BSpline .@%SplineType —
GM [Circle gml:Circle A@ gml:CircleType —
— gml:CircleByCenterPoint Q‘\w gml:CircleByCenterPointType —
GM |Clothoid gml:Clothoid \O gml:ClothoidType —
GM [CubicSpline gml:CubicSpling {.\b N gml:CubicSplineType —
GM_|GeodesicString gml:GeodesifS‘t\\\m\g gml:GeodesicStringType —
GM JLineString gml:Lineétrip\g'gegment gml:LineStringSegmentType —
GM [OffsetCurve gml:p.&ékurve gml:OffsetCurveType —
GM [SurfacePatch g@:}ﬂ{stractSurfacePatch gml:AbstractSurfacePatchType |—
GM |GriddedSurface Brnl:AbstractGriddedSurface gml: —

AbstractGriddedSurfaceType

AN
GM ] ParametricCurveSur%}

a)

gml:
AbstractParametricCurveSurface

gml:AbstractParametr
icCurveSurfaceType

GM [Cone & gml:Cone gml:ConeType —

GM [Cylinder \Q‘ gml:Cylinder gml:CylinderType —

GM | Geo@eﬁ?‘ gml:Geodesic gml:GeodesicType —

GM | Peﬁt’r} gml:PolygonPatch gml:PolygonPatchType —

_ L= smiRectanzte errhRectanstefype

GM_Sphere gml:Sphere gml:SphereType —

GM _Triangle gml:Triangle gml:TriangleType —

TP_Object gml:AbstractTopology gml:AbstractTopologyType anonymous property type
TP_Node gml:Node gml:NodeType gml:DirectedNodePropertyType
TP_Edge gml:Edge gml:EdgeType gml:DirectedEdgePropertyType
TP_Face gml:Face gml:FaceType gml:DirectedFacePropertyType
TP_Solid gml:TopoSolid gml:TopoSolidType gml:

DirectedTopoSolidPropertyType

a

b

An anonymous type following the pattern for GML property types. The object element referenced or embedded inline is the
element in the fourth column in the same row.

Multiple values in the second column are given to support the reverse mapping described in Annex F.
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Table D.2 (continued)

UML class

GML object element

GML type

GML property type

TP_DirectedNode

gml:DirectedNodePropertyType

TP_DirectedEdge

gml:DirectedEdgePropertyType

TP_DirectedFace

gml:DirectedFacePropertyType

TP_DirectedSolid

gml:
DirectedTopoSolidPropertyType

TP_Complex gml:TopoComplex gml:TopoComplexType gml:TopoComplexPropertyType
— gml:TopoPoint gml:TopoPointType gml:TopoPointPropertyType
— gml:TopoCurve gml:TopoCurveType gml:TopoCurvePropertyTyp
— gml:TopoSurface gml:TopoSurfaceType gml:TopoSurfacePropertylype
— gml:TopoVolume gml:TopoVolumeType gml:TopoVolumePropertyType
TM_Object gml:AbstractTimeObject gml:AbstractTimeObjectType |anonymous property type
TM_Complex gml:AbstractTimeComplex gml:AbstractTimeComplexType |anonymous'property type
TM_GeometricPrimitive gml: gml:AbstractTimeGeom gml:TimeGeometricPri
AbstractTimeGeometricPrimtive | etricPrimtiveType mtivePropertyType
TM_Instant gml:Timelnstant gml:TimelnstantType eml:TimelnstantPropertyType
TM_Period gml:TimePeriod gml:TimePeriodType gml:TimePeriodPropertyTyye
TM_Topologi¢alComplex gml:TimeTopologyComplex gml:TimeTopologyComplexType |gml:TimeTopologyCom
plexPropertyType
TM_TopologigalPrimitive gml: gml:AbstractTimeTdp gml:TimeTopologyPri
AbstractTimeTopologyPrimtive |ologyPrimtiveType mtivePropertyType
TM_Node gml:TimeNode gml:TimeNodeType gml:TimeNodePropertyType
TM_Edge gml:TimeEdge gml:TimeEdgeType gml:TimeEdgePropertyType

TM_PeriodDyration

gml:duration (property ele-
ment), xsd:duration

TM_Intervalljength

gml:timelnterval (group), grpl:
TimelntervalLengthType

TM_Duration

gml:timeLength (group)

TM_Position

gml:TimePositionType

TM_IndetermlinateValue

@TimelndeterminateValue
tribute on TimePositionType

TM_Coordinalte

xsd:decimal

TM_CalDate — — gml:CalDate
TM_ClockTinje — — xsd:time
TM_DateAndfime —£ — xsd:dateTime

TM_Calendar

gml:TimeCalendar

gml:TimeCalendarType

gml:TimeCalendarPropertylype

TM_CalendarEra

gml:TimeCalendarEra

gml:TimeCalendarEraType

gml:

TimeCalendarEraPropertyType

TM_Clock

gml:TimeClock

gml:TimeClockType

gml:TimeClockPropertyTypg

TM_CoordinajteSystem

gml:TimeCoordinateSystem

gml:TimeCoordinateSystemType

anonymous property type

"

(&

1

TM_OrdinalRefefes

£
SRt

sk
TimeOrdinalReferenceSystem

izt
OIS PFroper—yP

TM_OrdinalEra

gml:TimeOrdinalEra

gml:TimeOrdinalEraType

gml:
TimeOrdinalEraPropertyType

SC_CRS

gml:AbstractCRS

gml:AbstractCRSType

gml:CRSPropertyType

SI_LocationInstance

gml:LocationName

CV_Coverage

gml:AbstractCoverage

gml:AbstractCoverageType

anonymous property type

CV_ContinuousCoverage

gml:
AbstractContinuousCoverage

gml:
AbstractContinuousCoverageType

anonymous property type

CV_DiscreteCoverage

gml:AbstractDiscreteCoverage

gml:DiscreteCoverageType

anonymous property type

a2 An anonymous type following the pattern for GML property types. The object element referenced or embedded inline is the
element in the fourth column in the same row.

b Multiple values in the second column are given to support the reverse mapping described in AnnexF.
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UML class

GML object element

GML type

GML property type

CV_DiscretePointCoverage

gml:MultiPointCoverage

gml:MultiPointCoverageType

anonymous property type

CV_DiscreteCurveCoverage

gml:MultiCurveCoverage

gml:MultiCurveCoverageType

anonymous property type

CV_DiscreteSurfaceCoverage

gml:MultiSurfaceCoverage

gml:MultiSurfaceCoverageType

anonymous property type

CV_DiscreteSolidCoverage

gml:MultiSolidCoverage

gml:MultiSolidCoverageType

anonymous property type

CV_DiscreteGridPointCoverage

gml:GridCoverage

gml:GridCoverageType

anonymous property type

CharacterString

xsd:string

Boo}ean — — xsd:boolean

Reai, Number — — xsd:double

Dec{mal — — xsd:decimal

Dat — — xsd:date

Timp — — xsd{timne

Dat¢Time — — ksd:dateTime

Integer — — xsd:integer, xsd:
nonPositivelnteger} xsd:
negativelnteger, xsfi:
nonNegativelntegef, xsd:
positivelntegerP

Vecfor — — gml:VectorType

GenericName, LocalName or
Scc:?eName

gml:CodeType

Lenkth, Distance

gml:LengthType

Angle — — gml:AngleType
Speg¢d — = gml:SpeedType
Scale — — gml:ScaleType
Are — — gml:AreaType
Volyme — — gml:VolumeType
Mealsure — — gml:MeasureType
Sign — — gml:SignType

UnijOfMeasure

gml:UnitOfMeasur¢Type

a2 |An anonymous type following thé\pattern for GML property types. The object element referenced or embedded inline is the
elenpent in the fourth column in the’Same row.

b | Multiple values in the secofidicolumn are given to support the reverse mapping described in Annex F.

D.2.2 ISO/TS 19103 Conceptual schema language

In this subclause the basic types defined in ISO/TS 19103 that are directly available ih GML are

spefified. Infmany cases simple types defined by XML Schema are used directly.

— |“CharacterString” is implemented by xsd:string. The character encoding is defined in the[processing

ifstruction of the XML document (the default for XML documents is UTF-8).

— “Date” is implemented by xsd:date.

— “DateTime” is implemented by xsd:dateTime.

— “Time” is implemented by xsd:time.

— “Real” is implemented by xsd:double.

— “Decimal” is in general implemented by xsd:decimal. For practical reasons, often decimal values will

also be represented in schemas by xsd:double.

— The generic basic type “Number” is in general implemented in GML schema by xsd:double.

— “Integer” is implemented by xsd:integer.
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“Boolean” is implemented by xsd:boolean.

“Measure” is implemented by the simple type gml:MeasureType. The value is of type xsd:double,

the uom-specifier is implemented by a URI which will normally resolve to a <gml:UnitDefinition>
element or to a well-known unit string. See 8.2.3.6.

“UnitO

fMeasure” is implemented by gml:UnitDefinitionType.

The following subtypes of "Measure" are implemented by GML, each with a uom attribute that

points

to a unit definition of a suitable type:

RN

ML
MS

NOTE
position in
coordinate

|

“Gener]
design|

"Scopd
design|

ISO/TS 19
approach &
uses this a

D.2.3 IS(

D.2.3.1 (@
The UML n

types defifed in>ISO 19107. The same names for the classes and their properties as in ISO 19107

used to do

ength—-gmitengthType

cale” — gml:ScaleType

rea” — gml:AreaType

plume” — gml:VolumeType

beed” — gml:SpeedType

ime” — gml:TimeType

hgle” — gml:AngleType

ector” is implemented by gml:VectorType.
SO/TS 19103 describes vector as “an ordered set of numbers called coordinates that represe
h coordinate system”. GML uses vector in this sense and, provides a capability to explicitly state

ystem associated with the vector.

icName“ and "LocalName“ are implementéd by gml:CodeType where the name sf
ator is a URL

dName" is implemented by gml:CodeWithAuthorityType where the mandatory name s
ator is a URL

|03 specifies that all “NULI values are equivalent. This document uses a more exp
y providing a mechanismto specify the reason for the “nil” value. Whether an applica
lded information or not(is optional.

D 19107 Spatial.schema (Geometry)

verview

hodel of\the GML profile defined in this annex describes a conceptual model of the abst

rurent the GML profile for ease of comparison with that standard.

nt a
the

ace

ace

licit
fion

ract
are

NOTE 1

See ISO 19107:2003, Clause 2, for more details.

The additional changes shown in Table D.3 have been applied to the geometry package of ISO 19107.
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Table D.3 — Description of the profile of ISO 19107 (geometry)

Change Explanation

GM_Primitive: association “Interior to” deleted Currently not supported by GML

GM_Polygon: attribute “spanningSurface” deleted |Currently not supported by GML

GM_Solid: converted the operation “boundary()” to|As the boundary of GM_Solid is accessible only via the

an attribute “boundary()” operation, an attribute of the same name
has been added. The attribute value is the resulf of the
“boundary()” operation as defined in IS©,19107

GM| Complex: association “Contains” deleted Currently not supported by GML

Detfived attributes deleted in GM_MultiPrimitive |These attributes may be derived from the digitdl rep-

subjtypes resentation of the objects, therefere the redundpnt infor-
mation has been omitted.

GM[ CompositePoint: deleted GM_CompositePoint does(not add any additiona] informa-
tion. The type has been'ddded in ISO 19107 for domplete-
ness only, but it is notexpected that it would be psed in in-
stance documents. Therefore, it has been omittdd in GML.

GM| PolynomialSpline has been made abstract Currently notjnstantiable in GML, but the
subtype GM “CubicSpline is.

GM| LineSegment: deleted Not supperted by GML, a GM_LineString with tyo control
pointsshall be used instead.

GM| CurveBoundary: deleted Only'used in operations

GM|[ ComplexBoundary: deleted Only used in operations

NOTE 2 GM_OrientableCurve and GM_OrientableSurface are “not abstract” (in accordance with ISP 19107).

D.2{3.2 Geometry root

Thd

UML class diagrams in Figures D.1 and D.2 illustrate the profile of the “Geometry rodt” package
(compare with ISO 19107:2003; Figures 5 and 6).
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<<Type>>
GM_Object

7

<<Type>>

<<Type>>
GM_Complex

7

<<Type>>
GM_Composite

<<Type>>
GM_Aggregate

7

<<Type>>
GM_MuitiPrimitive

GM_Primitive

7

<<Type>>
GM_OrientablePrimitive

(from Geometric primitive)

7

<<
GM_Oirig

(from Geo

ype>>

1

<l

ntableCurve
netric primitive)

<<Type>>

(from Geometric primitive)

GM_OrientableSurface

GM_CompositeCurve

<<Type>>

<<Type>>

<l

<<Type

GM_Curve

7

<<Type>>

b>

GM_Surface

<<Type>>
GM_Solid

GM_CompositeSurface

7

<<Type>>
GM_MultiPoint

<<Type>>
GM_MultiCurve

<
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<<Type>>

GM_CompositeSolid

<<Type>>
GM_MultiSurface

<<Type>>
GM_MultiSolid

Figure D.1 — Implemented subtypes of GM_Object

© IS0 2020 - All rights reserved



https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

Thd
sho

“le
the

The
zer
latt
con

D.2

The

(compare with\ISO 19107:2003, Figures 7 to 13).
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<<Type>> | 0. Coordinate Reference System (. 1 <<Abstract>>
GM_Object [ +opject +CRS SCCRS
ZF (from Spatial Referencing by Coordinates)
<<Type>> +complex ~ Complex +element <<Type>>
GM_Complex " + GM_Primitive
(from Geometric complex) 0.. 1. (from Geometric primitive)

p

<<Type>>
GM_OrientablePrimitive

(from Geometric primitive)

<<Type>> <<Type>>
GM_OrientableCurve | |GM_OrientableSurface
(from Geometric primitive) (from Geometric primitive)
<<Type>> <<Type>> <<Type>> <<Type>>
GM_Point GM_Curve GM/Surface GM_Solid
(from Geometric primitive) (from Geometric primitive) (from Geometric primitive) (from Geometric primitive)

Figure D.2 — Geometric primitives
mapping of the different classes to the GMLE*schema is explained in the subsequent
wing details of the class hierarchy.

_Object” is represented by the “AbstractGeometry” object element, the “CRS” role is repy
“srsName” property.

“AbstractGeometry” element may carry additional properties: an optional “descriptio
or more “name” elementssah optional “identifier” element, and an optional “gml:id” att
br is particularly useful i supporting the re-use of geometry elements “by reference”, fo
pact XPointer syntax.

3.3 Geometryprimitive

UML class diagrams in Figures D.3 to D.9 illustrate the profile of the “Geometry primitiy

subclauses

esented by

" element,
ribute. The
lowing the

e” package
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The bound
types are

(patches) d
properties

“GM_Ring”
“Compositg

“GM_Shell
“Compositd

<<Abstract>>
GM_Boundary

(from Geometry root)

i

<<Abstract>>
GM_PrimitiveBoundary

A

T

<<Type>> <<Type>>
GM_SurfaceBoundary GM_SolidBoundary
1 1 1 1
+exterior | 0..1 0..* | +interior +exterior | 0..1 0. | +interior
<<Type>> <<Type>>
GM_Ring GMvShell
<<Type>> <<Type>>
GM_CompositeCurve GM_CompositeSurface
(from Geometric complex) (from Geometric complex)

Figure D.3 — Boundaries of geometric primitives

hry classes from [SO 19107 are'not represented explicitly in GML. In ISO 19107 the bound
usually the return value-8f*an operation “boundary()”. As the boundary of all sur
r solids needs to be represented in GML explicitly as properties, the "exterior” and "inten
have been defined in-GML directly as properties of the surface (patch) or solid.

is represented by-the “Ring” object element. While a “Ring” is not substitutable f
eCurve” in GMLEitis structurally identical to a composite curve.

pSurface’\in GML it is structurally identical to a composite surface.

ary
face
ior"

ra

is represénted by the “Shell” object element. While a “Shell” is not substitutable f¢r a
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<<Type>>
GM_Object

(from Geometry root)

I

ISO 19136-1:2020(E)

. <<Type>>
Complex 1 GM_Primitive
+element
+complex
O . *
<<Type>>
GM_Complex
(from Geometric complex) <<Type>>

GM_OrientablePrimitive

1

<<Type>>
GM_OrientableCurve

<<Type>>
GM_OrientableSurface

1

<<Type>>
GM_Curye

<<Type>>
GM_Point

“GM_Primitive” is represented by the “AbstractGeometricPrimitive” object element (both ar

The “complex” role is not navigable in)GML.

<<Type>>
GM_Primitive

I

<<Type>>
GM_Surface

<<Type>>
GM_Solid

Figure D.4 — Geometric primitives

<<Type>>
GM_Point

+ position : DirectPosition

Figure D.5 — Point

e abstract).

“GM_Point” is represented by a “Point” object element in GML. The “position” attribute is represented

by a “pos” property (the type of the value is “DirectPosition”).
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<<Type>>
GM_Primitive

{(orientation = "+") implies (primitive = self )} ﬁ

+primitive| 1 :
I
I
I
0,2 <<Type>> J
Oriented +proxy GM_OrientablePrimitive [~ — — — —
+ orientation - Sign
<<Type>> <<Type>>
GM_OrientableCurve GM_OrientableSurface
I I
I I
I I
I <<Type>> <<Type>> I
GM_Curve N | GM_Surface
I N % I
A
I N 2, I
I N I
N XK
| N |
{primitive.isTypeOf(GM_Curve)} {primitive = self} {primitive.isTypeOf(GM_Surface)}
{orientation = "+}

Figure D.6 < Curve and Surface

“GM_Curvd” is represented by the “Cutve” object element in GML. The orientation is not an explicit

property of a “Curve” and is implicitlyfixed to “+”.

”

“GM_OrientableCurve” is represented by the “OrientableCurve” object element in GML. The “primitjve
role is repilesented by the “baseCurve” property.

“GM_Surfafe” is represernted by the “Surface” object element in GML. The orientation is not an explicit

«,n

property of a “Surface”dnd is implicitly fixed to “+”".

“GM_Orientable Surface” is represented by the “OrientableSurface” object element in GML. [The
“primitive’| role istepresented by the “baseSurface” property.

To enable lthat “CompositeCurve” may he nsed in GMI, where in general a geometric primitive is
expected, an abstract (and propertyless) object element “AbstractCurve” has been introduced and
may be substituted by either “Curve”, “OrientableCurve” or “CompositeCurve”. The same mechanism
is used with surfaces and solids. As a result, the “GM_OrientablePrimitive” class is not mapped to GML
explicitly, however as this type is not instantiable, this does not impose any restrictions.

NOTE This mapping is a consequence of the fact that the spatial schema uses multiple inheritance to express
that a composite geometry, which by definition is a complex geometry, can also represent a geometric primitive.
Since XML Schema is not capable of multiple inheritance (or more precisely: derivation from multiple types), the
abstract object elements “AbstractCurve”, “AbstractSurface” and “AbstractSolid” have been introduced in GML to
allow that both “true” geometric primitives (e.g. “Curve”) and composite geometries (e.g. “CompositeCurve”) can
be in a common substitution group, although both are structurally different.

240 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

<<Type>>
GM_Primitive

<<Type>>
GM_OrientablePrimitive

As dliscussed above, “GM_Curve” is represented’by the “Curve” object element in GML. The

<<Type>>
GM_OrientableCurve

<<Type>>
GM_Curve

Segmentation

0..1 | +curve

{sequence} 1..*

+segment

<<Abstract>>
GM._CurveSegment

Figure D.7 <Curve

rolq is represented as an array property “segments” in GML.

<<Type>>
GM- Primitive

<<Type>>
GM_OrientablePrimitive

A

<<Type>>
GM_OrientableSurface

ISO 19136-1:2020(E)

“segment”

© IS0 2020 - All rights reserved

<<Type>>
GM_Surface

0..1 | +surface

1.7

Segmentation

+patch

<<Abstract>>
GM_SurfacePatch

Figure D.8 — Surface
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As discussed above, “GM_Surface” is represented by a “Surface” object element in GML. The “patch” role
is represented as an array property “patches” in GML.

< <Type >>
GM_Primitive

<<Type>>
GM_Solid

[+ boundary : GM_SolidBoundary

Figure D.9 — Solid

“GM_Solid’| is represented by a “Solid” object element in GML. The boundary ofya“Solid is direfctly
expressed py “exterior” and “interior” properties of the solid as discussed above.

D.2.3.4 (Coordinate Geometry

The UML ¢lass diagrams in Figures D.10 to D.19 illustrate the profilé/of the "Coordinate Geomefry
package (cpmpare with ISO 19107:2003, Figures 14 to 21).

{coordinateReferenceSystem.dimension = <<DataType>>
coordinate.size = GM_Envelope
dimension} + upperCorner : DirectPosition

[ + lowerCorner : DirectPosition

<<DataType>>

DirectPosition <<Union>>

GM_Position

+ direct : DirectPosition
+ indirect : GM_PointRef

+ coordinate : Sequence<Number>
/+ dimension : Integer

0..* | +directPosition

ifthot populated, then the NameSpace of the <<DataType>>
| __ _-{datatype determines the CRS, e.g. the CRS of GM_PointRef
the including GM_Object

0.*
0%1 | +coordinateReferenceSystem +point | 1
<<Abstract>> <<Type>>
SC CRS GM_Point
(from Spatial Referencing by Coordinates) (from Geometric primitive)
<<DataType>>
GM_PointArray [ .. ¢ +column | <<Union>>
I+ Integer 1.n GM_Position

Figure D.10 — Coordinate geometry

“DirectPosition” is represented in GML as a type with simple content where the “coordinate” attribute
is mapped to a list of doubles. The “coordinateReferenceSystem” role is represented by a “srsName”
attribute property and “dimension” is represented by an optional attribute property of the same name
(type is positivelnteger).
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“GM_Position” is mapped to a choice between a “pos” property (which is of type “DirectPosition”) and
a “pointProperty” property (which is “Point”-valued). A “GM_PointArray” is represented as a similar
choice element, but with appropriate settings for minimum and maximum occurrences.

A single “GM_Position” or a “GM_PointArray” can alternatively be represented by a “coordinates”
property (the type of the value is “Coordinates” which is a type with simple content that represents a
list of coordinates encoded as a string).

“GM_Envelope” is represented as the “Envelope” object element in GML. The two attributes
“upperCorner” and “lowerCorner” are mapped to properties of the same name. The additional attribute
“SRSReferenceGroup” in “gml:Envelope” has been added so that the coordinate reference system need
only be specified once in the typical case of corners in the same coordinate reference systen.

<<Type>> <<CodeList>>
GM_Curve GM_Curvelnterpolation
(from Geometric primitive) (from Geometric primitive)
+ linear
0..1 | +curve + circularArc3Raints
+ circularArc2PointWithBulge
Segmentation + polynomialSpline
+ cubieSpline
{sequence} + ratienalSpline

1.* | +segment

<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

+ interpolation : GM_Curvelnterpolation = "linear’
+ numDerivativesAtStart[0..1] : Integer = 0

+ numDerivativesAtEnd[0..1] : Integer = 0

+ numDerivativelnterior[0..1] : Integer =0

7

<<Type>> <<Type>> <<Type>> <<Type>>
GM_ArcString GM_ArcStringByBulge GM_SplineCurve GM_LineString
<<Type>> <<Type>> <<Type>>
GM_Arc GM_PolynomialSpline GM_BSplineCurve
<<Type>> <<Type>> <<Type>>
GM_Circle GM_CubicSpline GM_Bezier

Figure D.11 — Curve segments

“GM_CurveSegment” is represented in GML by the “AbstractCurveSegment” object element (both are
abstract). The three “numDerivatives...” attributes are mapped to properties with the same definition.
The “interpolation” attribute is not defined in “AbstractCurveSegment”, but is defined (and set with
appropriate initial values) in the instantiable subtypes.

GML currently supports a subset of all defined curve segments of ISO 19107.
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Most subtypes of “GM_CurveSegment” carry a “controlPoint” attribute that is represented in GML by
the choice element as described above (see discussion of the representation of a GM_PointArray).

The code list “GM_Curvelnterpolation” has been mapped to GML as if it would be an enumeration, i.e. no
additional values are allowed beside the predefined values in the GML schema.

<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

A

“GM_LineS
appended
element in|
was not po
would hav
LineString

<<Type>>
GM_LineString

+ controlPoint : GM_PointArray

Figure D.12 — Line string

[ring” is represented by the “LineStringSegment” object element.~“The “Segment” suffi
[0 the name in GML, because the name “LineString” is already reserved for another ob
GML (see D.3.5). To maintain backwards compatibility with previous versions of GM
ssible to change the name of the existing element as evemifthe previous use of "LineStr
e been deprecated, the name would not have been avdilable for the implementation of

<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

N

<<Type>> <<Type>>
GM_ArcString GM_ArcStringByBulge
+ numArc : Integer + bulge : Sequence<Real>
+ gontrolPoints : GM_PointArray + numArc : Integer
+ normal : Sequence<Vector>
I

{interpolation = ’circularArc3Points"} {interpolation = "circularArc2PointWithBulge"}
{controlPoints:count = 2*numArc +1} {bulge.count = normal.count = numArc}

<<Type>> <<Type>>
GMYArc GM_ArcByBulge

X iS
ject
L it
ng"
M _

1
- all arcs are on the same circle AN

|
- all points in the controlPoint sequence are AN
on the same circle

<<Type>>
GM_Circle

- the first and last points in the controlPoint AN

sequence are the same

244

Figure D.13 — Arcs and circles
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The curve segment types are mapped to object elements in GML with the same name (but without the
“GM_” prefix) and the same set of properties.

<<Abstract>>

<<CodeList>>
GM_SplineCurveForm

+ polylineForm

+ circularArc

+ ellipticArc

+ parabolicArc

+ hyperbolicArc

<<CodelList>>
GM_KnotType

+ uniform
+ quasiUniform
+ piecewiseBezier

{degree > 0}
{interpolation = "polynomialSpline"

()

(frf

I_CurveSegment
bm Geometric primitive)

<<Type>>

GM_SplineCurve

+ degree : Integer

+ knot : Sequence<GM_Knot>
+ controlPoints : GM_PointArray

{vectorAtEnd.count = vectorAtStart.count ¥ degree - ZIj

[

|

| {degree =3}

I {interpolation = "cubjcSpline"}
|

|

< <Typ e>>
GM_PolynomialSpline

|
<<Type>>
GM_CubicSpline

+ vectorAtStart : Sequence<Vector> <'_
+ vectorAtEnd : Sequence<Vector>

<<Type>>

GM_BSplineCurve

+ curveForm[0..1] : GM_SplineCurveRorm
+ knotSpec|0..1] : GM_KnotType
+ isPolynomial : Boolean

-~
=
=]

inferpolation = "polynomialSpline") OR (interpolation = "rationalSpIine“)}‘j

<<DataType>>
GM_Knot

Aga
wit
in G

Thd

{degree = controlPoint.count -1}
{interpolation = "polynomial"}

Figure D.14 — Splines

+ value : Real

<<Type>> v
+ multiplicity : Integer

GM_Bezier

+ weight : Real

in, these curve segment types are mapped to object elements in GML with the same|name (but
hout the “GM<" prefix8) and with the same properties?). The properties of the curve segmlent objects
ML havedeen specified taking the OCL constraints into account.

codellist “GM_KnotType” has been mapped to GML as if it would be an enumeration, i.e. nd additional
ValllleS are allowed beside the predefined values in the GML schema.

8) However, “GM_BSplineCurve” is represented by “BSpline”, i.e. without the “Curve” suffix. The name "BSpline"
has been kept to maintain backwards compatibility with previous versions of GML.

9) The “knotSpec” attribute has been renamed to “knotType” in GML.

© IS0 2020 - All rights reserved
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<<Type>>
GM_Curve

(from Geometric primitive)

<<CodeList>>

GM_Curvelnterpolation
(from Geometric primitive)

+ linear
0.1 | +curve + geodesic
+ circularArc3Points
Segmentation + circularArc2PointWithBulge
+ elliptical
. + clothoid
1. {sequence} + conic
+segment + polynomialSpline
+ cubicSpline
<<Abstract>> + ration e
GM_CurveSegment alSp
(from Geometric primitive)

+ intgrpolation : GM_Curvelnterpolation = "linear"

+ numDerivativesAtStart[0..1] : Integer =0

+ nu£DerivativesAtEnd[0..1] :Integer =0

+ numDerivativelnterior[0..1] : Integer = 0

1
+baseCurve
<<Type>> <<Type>> <<Type>> <<Type>> <<Type>> <<Type>>
GM_ArcStrinp | [GM_ArcStringByBulge | | GM_SplineCurve | | GM_Clothoid | | GM_GeodesicString | |GM_LineString

?

Figure D.15 — Curve segments

c"*
<<Type>> <<Type>> <<Type>> <<Type>> <<Type>> <<Type>>
GM_Arc GM_PolynomialSpline GM_BSplineCurve GM_Geodesic | [GM_LineSegment | | GM_OffsetCufve
<<Type>> <<Type>> <<Type>>
GM_Circle GM_CubicSpline GM_Bezier

“GM_OffsetCurve” class is represented in GML by the “OffsetCurve” object element. The object carfies
the same s¢mantic inteppretation as the class. The baseCurve property has been renamed to offsetBpse.

“GM_Affin¢Placement®is represented in GML by the “AffinePlacement” object element.

“GM_GeodgsicString” is represented in GML by the “GeodesicString” object element.

“GM_Geod

si¢” is represented in GML by the “Geodesic” object element.

“GM_Clothoid” is represented in GML by the “Clothoid” object element.
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<<Abstract>> <<CodelList>>
GM_SurfacePatch GM_Surfacelnterpolation
(from Geometric primitive) (from Geometric primitive)
+ interpolation : GM_Surfacelnterpolation = "planar" + none
+ numDerivativesOnBoundary[0..1] : Integer = 0 + planar
+ spherical
+ elliptical
+ conic
+tin
+ parametricCurve
+ polynomialSpline
<<Type>> + rationalSpline
GM_P0|VOOI"| + friang. |IgfﬂdQ'n|j,r\n
<<Type>>
GM_Triangle

Figure D.16 — Surface patches (first figure)

“GM_SurfacePatch” is represented in GML by the “AbstractSurfacePatch” object element| (both are
abstract). The “numDerivativesOnBoundary” attribute is currently not explicitly mapped|in GML as
only planar interpolation is currently supported in GML. Thev'interpolation” attribute is ot defined
in “AbstractSurfacePatch”, but it is defined (and set with d@ppropriate initial values) in the ifistantiable
subtypes.

GML currently supports a subset of all defined surface types and surface patch types of ISO 19107.

The code list “GM_Surfacelnterpolation” has beeh mapped to GML as if it would be an enumgration, i.e.
no gdditional values are allowed beside the predefined values in the GML schema.

<<Type>> <<Abstract>>
GM_Sunffage - Segmentation GM_SurfacjePgt?h
(from Geometric primitive) oM 1.* (from Geometric primitive)
+surface +patch ~ | + interpolation : GM_Surfacelnterpolation = "planar"
+ numDerivativesOnBoundary[0..1] : Integer = 0

7

<<Type>>
GM_Polygon

+ boundary : GM_SurfaceBoundary

1

<<Type>>
GM_Triangle

+ corners[3] : GM_Position

Figure D.17 — Surface patches (second figure)

“GM_Polygon” is represented by the “PolygonPatch” object element. The “boundary” attribute is directly
expressed by “exterior” and “interior” properties of the “PolygonPatch”.

The “Patch” suffix has been appended to the name in GML, because the name “Polygon” is already
reserved for another object element in GML (see D.3.6). To maintain backwards compatibility with
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previous versions of GML it was not possible to change the name of the existing element as even if the
previous use of "Polygon" would have been deprecated, the name would not have been available for the
implementation of GM_Polygon.

{interpolation = "parametricCurve"} Ij

<<Type>>
GM_ParametricCurveSurface

+ horizontalCurveType : GM_Curvelnterpolation —= —
+ verticalCyrveType : GM_Curvelnterpolation GI\/II yCF))Z‘ne {horizontalCurveType = "conic"} AN
= ~ 7 "|{veritcalCurveType = "linear"}
<<Type>>
GM g;inder {horizontalCurveType = "copic!} AN
= — — — | {veritcalCurveType = "linear"}
<<Type>>
GM| GriddedSurface
. f : <<Type>>
7+contro!ITo nt: GM_PointGrid <}\ GM_Sphere {horizontalCurv€Type = "circularArc3Points"}
rows - Infeger = — — | {verticalCuryeType = "circularArc3Points"}
/+ columns|: Integer
Figure D.18 — Gridded surface patches
“GM_Point(irid” is represented in GML by the “PointGrid” greup.

“GM_Paran
element (b

“GM_Gridd
abstract).

“GM_Cone’

is represented in GML by the “Cone” object element.

“GM_Cylindler” is represented in GML by the “Cylinder” object element.

“GM_Spher

e” is represented in GML by the “Sphere” object element.

hetricCurveSurface” is represented in GML by‘the “AbstractParametricCurveSurface” ohject
pth are abstract).

edSurface” is represented in GML by the “AbstractGriddedSurface” object element (both|are
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HGN
“le
“GM

D.2
The

Figure D.19— Polyhedral and triangulated surfaces

_PolyhedralSurface” is represented in GML by the “PolyhedralSurface” object element.
_TriangulatedSurface® isrepresented in GML by the “TriangulatedSurface” object elemeft.

_Tin” is represented’in GML by the “Tin” object element.

3.5 Geométry aggregates

(comparewith ISO 19107:2003, Figure 24).

<<Type>> <<Abstract>>
GM_Surface Segmentation GM_SurfacePatch
(from Geometric primitive) 0.1 1.* (from Geometric primitive)
* +surface AN +patch ~ |+ interpolation : GM_Surfacelnterpolation = "planar”
I + numDerivativesOnBoundary[0..1] : Integer = 0
|
subset
l 1
I <<Type>>
<<Type>> | GM_Polygon
GM_PolyhedralSurface 0.1 | 1.*
A + hnllndary : Gl\/l_Qllr‘fnm:Rmmdar\/
+surface’l\ *pateh 1, spanningSurface[0..1] : GM_Surface
|
|
! -- the spanning surface must contain the curves
sutl)set {spanningSurface.NotEmpty implies ﬁ
| spanningSurface.cohtains(boundary)}
|
<<Type>> | <<TYPe>> <<CodelList>>
GM_TriangulatedSurface 0.1 I 1.* GM_Triangle GM_Surfacelnterpolaon
+surface +patch™ | + corners[3] : GM_Position (from Geometric prinitive)
+ none
+ planar
+ spherical
+ elliptical
+ conic
+ tin
<<Type>> + parametricCurve
GM_Tin + polynomialSpline
+ $topLines : Set<GM_LineString> + rationalSpline
+ breakLines : Set<GM_LineString> + triangulatedSpline
+ naxLength : Distance
+ gontrolPoint[3..*] : GM_Position

UML elass diagram in Figure D.20 illustrates the profile of the “Geometry aggregates” package
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<<Type>>
GM_Object

(from Geometry root)

]

<<Type>>
GM_Aggregate +element <<Type>>
— " GM_Object
0.. (from Geometry root)
<<Type>>
GM_MuitiPrimitive {elements.subTypeOf(GM_Primitive)}ﬁ
<<Type>> <<Type>> <<Type>> <<Type>>
GM_MultiPoint GM_MultiCurve GM_MultiSurface GM_MultiSolid
| | I |
I | I |
{e ement.subTypeOf(GM_Point)}j I {element.subTypeOf(GM_ OrientableSurface)} ﬁ I
| |
| |
{element.subTypeOf(GM_OrientableCurve)}'j {element.subTypeOf(GM_Solid)} B‘
Figure D.20.=~Geometric aggregates
“GM_Aggrdgate” is represented by «he “AbstractGeometricAggregate” object element (both
abstract). The “element” role is instantiated in GML in the instantiable subtypes. The general patter
that two pijoperties are defined, one.is a regular association property and the other an array associa
property. The property names ‘are “xMember” and “xMembers” respectively where the “x” is repld
by “point”,[‘curve”, “surface”‘or’‘solid” depending on the elements of the collection. This represents
OCL-constraints for typesafety.

“GM_Multi
“GM_Multi

Point” is represented by the “MultiPoint” object element in GML.

Curve”isrepresented by the “MultiCurve” object element in GML.

are
nis
[ion
ced
the

“GM_Multi

burface” is represented by the “MultiSurface” object element in GML.

“GM_MultiSolid” is represented by the “MultiSolid” object element in GML.

“GM_MultiPrimitive” is not explicitly represented in GML.

D.2.3.6 Geometry complex

The UML class diagrams in Figures D.21 and D.22 illustrate the profile of the “Geometry complex”
package (compare with ISO 19107:2003, Figures 25 to 30).
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<<Type>>
GM_Object

(from Geometry root)

]

<<Type>>
GM_Complex

A 0..*<E +complex

| f‘nmple_v
1..% | +element
subset
<<Type>> +composite | +generator_| G<A;Tl);f/r97;;ve
M /i * . * —
GM_Composite 0.. Composition 1. (from Geomietric primitive)

I
--All primitives in the generator are in the complex (as a set of primitives) Ij

{Set::element->includesAll(generator)}

Figure D.21 — Geometric composites (first figure)

“GM_Complex” is represented by the “GeometricComplex” object element. The “element” role
to a|property of the same name in GML.

The fact that the composite geometry types ar€,;subtypes of “GM_Complex” is represented
the(fact that every association property whi¢h takes a “GeometricComplex” accepts also

is mapped

in GML by
one of the

conjposites (due to a choice element in “GeometricComplexPropertyType”). This special mapping to

XML Schema was necessary, because multiple inheritance, used in ISO 19107 to express thg
of the composite geometries, is not supported by the derivation mechanism of XML Schema.

“dualism”

© IS0 2020 - All rights reserved
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“GM_Comp|
“GM_Comp,
object elen
GML in the
by “curve”,

D.2.3.7 G

Therules g
Annex A. C

<<Type>>
GM_Complex
<<Type>> o
GM_Composite +composite  COMPOSION , generator <<Type>>
0 1 GM_Primitive
” ” (from Geometric primitive)
<<Type>> <<Type>> <<Type>>
GM_CompositeCurve GM_CompositeSurface GM_CompositeSolid
+composite | 0..* +composite | 0..* +composite, | '0..*
Composition Composition Composition
sequence
v +generator| 1..* v +generator| 1..* v +generator | 1..*

<<Type>>
GM_OrientableCurve

(from Geometric primitive)

<<Type>>
GM_OrientableSurfacé

(from Geometric primitive)

<<Type>>
GM_Solid

(from Geometric primitive)

Figure D.22 — Geometric compeosites (second figure)

osite” is not explicitly represented_byvan object element in GML. However, the subty
ositeCurve”, “GM_CompositeSurface”;and “GM_CompositeSolid” are represented in GM]|
ients of the same name (without the “GM_" prefix). The “generator” role is instantiate
se subtypes by an association property with the name “xMember” where the “x” is repla

“surface” or “solid” depending on the elements of the collection.

onformance

overning conformarice of a profile of ISO 19107 are described in ISO 19107:2003, Clause 2
bncerning the€hree criteria defined in Clause 2, GML geometry covers the following level

Data Compllexity:

geomeltric primitives;

pes
L, by
 in
ced

and

14

— geomefridcomplexes.

Dimensionality:

Functional

0-, 1-, 2- and 3-dimensional objects.

Complexity:

data types only.

Thus, the relevant conformance clauses of ISO 19107:2003 are:

Al11

252

to A.1.1.4;

A211toA.2.1.3.
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The conditions of these conformance clauses are met.

Note that derived attributes are treated as operations and it is assumed that the derived attributes in
the aggregate geometries will be derived from the data by the application handling the GML instances.

A GM_CompositePoint is represented by a “Point” object element in GML. The value of the “generator”
association role is the same object, i.e. the “Point” object itself.

D.2

D.2

4 IS0 19107 spatial schema (topology)

Overview

41

The

additional changes shown in Table D.4 have been applied to the topology package of.ISO

Table D.4 — Description of the profile of ISO 19107 (topology)

19107.

Change

Explanation

TP
der]

Complex: association “isMaximal()” added as a
ived attribute

The information was otherwise not accessi
means of predefined(data structures of TP_|

The attribute is defibed as a derived attribyte repre-

senting the result of the “isMaximal()” opef
defined in ISO 19107.

ble by
Complex.

ation as

TP
to
the
TP
zat

Object has been changed from an interface class
ype class (however without any properties) and
Realization relationships from TP_Primitive and
Complex to TP_Object has been changed to Generali-
on relationships

Maintaining/TP_Object as a root for the diff
logical stbtypes makes mapping to GML clg

brent topo-
arer.

Thg
Coqf

optional association “Realization” between TP_
hplex and GM_Complex has been deleted.

The realization can be derived from the reg
the primitives contained in the topology co

lization of
mplex.

Thg
TP

“maximalComplex” role has been deleted from
Primitive.

Currently not supported in GML

TP
TP

Boundary and subtypes as well as TR:-Ring and
Shell have been deleted.

Only used in operations

D.2
Thd

4.2 Topology root

(compare with ISO 19107:2003, Figures 32 and 33).

UML class diagramsin-Figures D.23 and D.24 illustrate the profile of the “Topology roc

t” package
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<<Type>>
TP_Object
(from Topology root)

Complex
<<Type>> +element +complex <<Type>>
TP_Primitive 1.* 1.* TP_Complex
[ I I 1
<<Type>> <<Type>> <<Type>> <<Type>>
TP_Node TP_Edge TP_Face TP_Solid
<<Type>> <<Type>> <<Type>> <<Type>>
TP_DirectedNode TP_DirectedEdge TP_DirectedFace TR.DirectedSolid
<<Type>> <<Type>>
TP_DirectedTopo < TP_Expression
Figure D.23 — Topologicprimitives
<<Type>>
TP_Object
(from Topology, rooty
+subComplex
<<Type>> 1.* Complex 1.* <<Type>> 1.*
TP_Primjtive e n n I TP_Complex 1 /Contains
(from Topological primitive) Sgnhen complex (from Topological Complex) 4,
+superComplex
+topology 0..*
Realization
+geometr{ 0.1
<<Type>> +element 0.* <<Type>>
GM_Primitive " GM_Primitive
pd S 1. Complex _*complex . ) L
<<Type>>
GM_Object
(from Geometry root)

Figure D.24 — Relationship between geometry and topology

The mapping of the different classes to the GML schema is explained in the subsequent subclauses
showing details of the class hierarchy.
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“TP_Object” is represented by the “AbstractTopology” object element. The “AbstractTopology” element
may carry additional properties: an optional “description” element, zero or more “name” elements, an

optional “identifier” element, and an optional “gm1:id” attribute.

D.2.4.3 Topology primitive

The UML class diagrams in Figures D.25 to D.28 illustrate the profile of the “Topology root” package

(compare with ISO 19107:2003, Figures 35 to 45).

<<Type>> <<Type>>
TP_Object GM_Primitive
(from Topology root) (from Geometric primitive)
Z% 0..1 [ +geometry
Realization
0..* | +topalogy
<<Type>>
<<Type>> TP, Pritnitive
TP_Complex
(from Topological Complex)
+complex [1..* N 0.1 0.7
P +element 1, [+container +isolated
|

|

Complex | Isolated in
|
1

- topological dimension agrees with geometric dimension
- basic geometric operations are preserved

- isolated topology is codimension at least 2

- a primitivetissits own positive TP_DirectedTopo

Figure D.25 — Topology primitive

“TP| Primitive” is represented by theé “AbstractTopoPrimitive” object element.

The “geometry” role is instantiated in the instantiable subtypes. This allows control of thg
types at the other association” end (dimensionality constraint): “pointProperty”, “curvg

“surfaceProperty” and “solidProperty” respectively.

The “isolated” and “container” roles are represented as properties in “AbstractTopoPrimitiv

D
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<<Type>>

+topo TP_Primitive

<

<<Type>>
TP_Node

Center

<<Type>>
TP_Edge

2

<<Type>>
TP_Face

<<Type>>
TP_Solid

XType==>

+ProXy| TP DirectedTopo

<<Type>>

TP_DirectedNode

<<Type>>
TP_DirectedEdge

<<Type>>
TP_DirectedFace

<<Type>>
TP_DirectedSolid

Figure D.26 — Topology primitives

<<Type>>
TP_Primitive {primitive = self}
* {orientation = "+"}
_‘,,—”t/”
+topo /|\ 1 %P/,//’//// // \
1 — \
—— — /
— -
—’—’_’_,_— /////, //' \

—— — \
<<Type>> <<Type>> <<Type>> <<Type>>
TP_Node TP_Edge TP_Face TP_Solid

+topo +topo |1 +topo (1 1 | +topo
Center Center. Center Center Center
+proxy| 2 +proxy -2 +proxy | 2 2 | +proxy
<<Type>> <<Type>> <<Type>> <<Type>>
TP_DirectedNode TP_DirectedEdge TP_DirectedFace TP_DirectedSolid
< < /
~—_ ~_ \ /
~~ ~ /
T ~ /
+proxy ~- ~
~_ 0~ \ /
<<Type>> {orientation = "+" implies topo = self}

TR DirectedTope
— L

Figure D.27 — Directed Topology primitives

“TP_Node” is represented by the “Node” object element in GML.
“TP_Edge” is represented by the “Edge” object element in GML.
“TP_Face” is represented by the “Face” object element in GML.

“TP_Solid” is represented by the “TopoSolid” object element in GML (the name “Solid” is already used for
the 3-dimensional geometry primitive).
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“TP_DirectedTopo” is not explicitly represented in GML, only its instantiable subtypes. A notable
difference is that although the directed topology types are modelled as types they are represented as

properties with an “orientation” attribute in GML.

“TP_DirectedNode” is represented by the “directedNode” property element in GML. The “topo” role is

represented directly by the “Node” object element.

“TP_DirectedEdge” is represented by the “directedEdge” property element in GML. The “topo” role is

represented directly by the “Edge” object element.

“TP_DirectedFace” is represented by the “directedFace” property element in GML. The “topo” role is

rep

“TP| DirectedSolid” is represented by the “directedTopoSolid” property element in GMIS, The

fesented directly by the Face object element.

is r¢presented directly by the “TopoSolid” object element.

<<Type>> 1 Center
TP_Node +topo
Boundary
0.*

+primitive

The
Thd

+proxy
2

<<Type>> 1 Cem‘er_'_proXy
TP_Edge +topo 2
0..*
+primitive
<<Type>> 1 Center+proxy
TP_Face +topo 2
Boundary
0.2
+primitive
<<Type>> 1 Cehter +proxy
TP_Solid +tépo. 2

<<Type>> <<Type>>
TP_DirectedNode TP_Node
1
+§oundary +hub
<<Type>> <<Type>>
TP_DirectedEdge TP_Edge
1.*
+1bo*undary +hub
<<Type>> <<Type>>
TP_DirectedFace TP_Face
#boundary ;'hyb
1.2 v
<<Type>> <<Type>>
TP_DirectedSolid TP_Solid

mapping of the “topo” role is already discussed above.

+topo
1

+topo
1

+topo
1

+topo
1

“topo” role

Center 2

+proxy

<< Type >>
TP_DirectedN|

bde

CoBoundary

0..*
+spoke

Center 2

+proxy

<< Type >>
TP_DirectedE|

Hge

CoBoundary

0..*
+spoke

{CircularSequence}

Center 2

+proxy

<<Type>>
TP_DirectedF}

ace

CoBoundary

0.2
+spoke

Center 2

+proxy

< <Ty pe>>
TP_DirectedS]

blid

Figure D.28 — Boundary and co-boundary relationships

spoke” role is represented in GML by “directed Edge”, “directedFace” and “directed

TopoSolid”

properties respectively.

The “boundary” role is represented in GML by “directed Node”, “directedEdge” and “directedFace”

properties respectively.

D.2.4.4 Topology complex

The UML class diagram in Figure D.29 illustrates the profile of the “Topology complex” package
(compare ISO 19107:2003, Figure 46).
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<<Type>>
TP_Object
(from Topology root)

<<Type>>

+element +complex TP_Complex
1. Complex 1.%

N

+maximalComplex

<<Type>>
TP_Primitive

(from Topological primitive)

/+ isMaximal : Boolean

I 1. 1.
| +superComplex +subComplex

- the maximalComplex contains this complex

{superComplex->contains(maximalComplex)} /Contains

- a maximal complex is contained only in itself

{(self = maximalComplex) implies (superComplex = {self})}

{isMaximal implies (self = maximalComplex)}

Figure D.29 — Topology complex

“TP_Complex” is represented by the “TopoComplex” object element.
The “element” role is mapped to two properties — <one regular association property
“topoPrim{tiveMember” and one array association property “topoPrimitiveMembers”.
The “subCpmplex” and “superComplex” roles are represeiited as association properties of the same
name. The minimum multiplicity, however, is “0” for both-properties in GML instead of “1”. This refl¢cts
that it is npt required that this property is representéd explicitly in a GML instance (note that it|is a
derived asgociation).
The “maximalComplex” role is represented as airassociation property of the same name in GML.
D.2.4.5 Gonformance
The rules governing conformance ofla profile with ISO 19107 are described in ISO 19107:2003, Clauge 2
and Annex|A. Concerning the three'eriteria defined in Clause 2, GML topology covers the following leyels:
Data Compllexity:
— topological complexes;
— topological complexes with geometric realizations.
Dimensionplity:
— 0-,1-, 2-and 3-dimensional nh}'pr‘fc
Functional Complexity:
— data types only.

Thus, the relevant conformance clauses of ISO 19107 are:

— A311toA.3.1.3;

— A411

to A.4.1.3.

The conditions of these conformance clauses are met.
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Note that the association “Realization” between TP_Complex and GM_Complex is not an explicit part
of the profile, because the geometrical realization of the topology complex can be derived from the
geometrical realization of the topological primitives.

D.2.

5 IS0 19108 Temporal schema

D.2.5.1 Overview

The GML temporal schemas provides an implementation of ISO 19108:2002, 5.2 to 5.4.

The

Table D.5 — Description of the profile of ISO 19108

Change Explanation

1 ||The Beginning and Ending associations are im- Maintaining bi-directional pointers deemed|unneces-
plemented as unidirectional from TM_Period to |sary in a static data encoding.
TM_Instant

2 || The Beginning and Ending associations from Allows a more compactencoding of the sam¢ infor-
TM_Period are implemented as a choice of (a UML | mation when a TM _“Instant object with identity is not
association with TM_Instant or a UML attribute |required.
of type TM_Position)

3 || The Termination and Initiation associations are |Maintainingbi-directional pointers deemed|unneces-
implemented as unidirectional from TM_Edge |sary inastatic data encoding.
to TM_Node

4 || The Realization associations are implemented as |Maihtaining bi-directional pointers deemedfunneces-
unidirectional from TM_Instant and TM_Period | |sary in a static data encoding.
to TM_Node and TM_Edge respectively

5 || The Basis association is implemented as unidirec- |Maintaining bi-directional pointers deemed|unneces-
tional from TM_Calendar to TM_CalendarEpa sary in a static data encoding.

7 || The begin and end attributes of TM_OrdinalEra  |Practice in historical and geological science$ is that the
are replaced by associations with TM: Node, with |termination points of an Ordinal Era are asspciated
rolenames start and end with events whose position may not be known precise-

ly. This matches with the concept of TM_Node whose
position is available indirectly.

8 || The origin attribute of TM)CoordinateSystem Allows the origin to be specified in terms of fan exter-
is implemented as choi¢é of (a UML association  |nal event.
with TM_Instant er@UML attribute of type
TM_Position)

9 || The intervalattribute of TM_CoordinateSystem is | Allows the scale to be specified more precis¢ly and
implemented'as TM_Interval Length flexibly.

NOTE Change 2 takes advantage of the <choice> structure which is provided by the XML Schema
implemeéntation language. This supports a more flexible and compact encoding, containing the same

thanp would have been gained by mechanical application of the standard encoding rules.

ilnformation,

Ofthe classes dealing with temporal relationships between features, described in 5.5 of ISO 19108:2002,
only Feature Succession has been implemented directly. Components corresponding to the other
relationships may be defined in GML application schemas, but are not discussed further here.

The mapping of the different classes to the GML schema is explained in the subsequent subclauses
showing details of the class hierarchy.

The UML class diagrams in Figures D.30 to D.34 illustrate the profile of the “Temporal Objects” package
(compare with ISO 19108:2002, Figures 2 to 6 and 11).
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D.2.5.2 Temporal objects

TM_Object

T
| |

TM_Primitive TM_Complex

7 1

TM_TopologicalComplex

TM_GeometricPrimitive TM_ TopologicalPrimitive

Figure D.30 — Main hierarchy of temporal objects from [S0.19108

“TM_Object” is represented by the “AbstractTimeObject” object element. The “AbstractTimeObjpct”
element miay carry additional properties: an optional “description”element, zero or more “name”
elements, an optional “identifier” element, and an optional “gmlid” attribute. These properties|are
inherited hy all the components that are substitutable for AbstractTimeObject.

“TM_Primiftive” is represented by the “AbstractTimePrimitive” object element.
“TM_GeomietricPrimitive” is represented by the “AbstractTimeGeometricPrimitive” object element.
“TM_TopolpgicalPrimitive” is represented by the “AbstractTimeTopologyPrimitive” object element.
“TM_Compllex” is represented by the “AbstractTimeComplex” object element.

“TM_TopolpgicalComplex” is represented by-the “AbstractTimeTopologyComplex” object element.
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5.3 Concrete temporal geometric primitives

<<Interface>>
TM_Order

+ relativePosition(other : TM_Primitive) : TM_RelativePosition

N

<<Uses>>
|
|

<<Interface>>

TM_Separation TM_Primitive

“TM_Primitive” is represented by the “AbstractTimePrimitive” object element. Additional
“relatedTime” representing the result of “relativePosition(other:TM_Primitive)” oper
beejn added.

“TM_GeometricPrimitive” is represented by the “AbstractTimeGeometricPrimitive” obje
An hdditional property “abstractTimeLength” representing the result of the “length()” opf{
beep added.

(lTN
by t

“Tl\/

represented by association properties of the same name in GML. These associations have an

rep
Hbe

+length() : TM_Duration A
/?\
|
[s<Uses>> | TM_GeometricPrimitive

begin | 1.1 Beginning o

TM_lInstant begunBy| (TM_Period
A
{self.begin.position<se|f.end.position}/ Q7| endedBy

+ position : TM_Position
1.1

end

Ending

_Instant” isrepresented by:the “Timelnstant” object element. The “position” attributeisr
he “timePosition” property.

_Period” is represented by the “TimePeriod” object element. The “begin” and “end

Fesentation in-GML as follows: “end” is in a choice block with “endPosition” and “b
binPosition”(thelatter in each case has simple content as discussed in 14.2.2.5.

Figure D.31 — Profile of temporal geometric.objects adapted from ISO 19108

properties
htions has

't element.
bration has

bpresented

roles are
hlternative
egin” with
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D.2.5.4 Temporal duration

<<DataType>>
TM_Duration

7

The GML p

<<DataType>> <<DataType>>
TM_PeriodDuration TM_IntervalLength
+ designator : CharacterString = P + unit: CharacterString
+ years [0..1] : CharacterString + radix : Integer
+ months [0..1] : CharacterString + factor : Integer
+ days [0..1] : CharacterString + value : Integer

+ timelndicator [0..1] : CharacterString = T
+ hours [0..1] : CharacterString

+ minutes [0..1] : CharacterString

+ seconds [0..1] : CharacterString

Figure D.32 — DataTypes representing temporal duration 1S0,19108

roperty element “abstractTimeLength” is abstract, with either@ “timelnterval or “durat

”

on

element substituting. These have XML Schema types which implendent the data types shown in

Figure D.3

“TM_Intery
attributes

“TM_Perio
14.2.2.8).1
ISO 8601-1
separately|

P, as follows:

ralLength” is implemented using a simple content.type constructed by adding the }
unit”, “radix” and “factor” to the XML Schema builgjn type “decimal”.

{Duration” is implemented by the XML Schema built-in type “duration” (see discussio
he XML Schema type “duration” prescribes@literal value with the lexical form describe]
which removes the need to implement the list of attributes of the TM_PeriodDuration c

(ML

h in
d in
lass
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D.2.5.5 Temporal position

<<union>>
TM_Position

+ anyOther : TM_TemporalPosition
+ date8601 : Data

+ time8601 : Time

+ dateTime8601 : DateTime

position TM_TemporalPosition
0714 indeterminatePosition [0..1] : TM_IndeterminateValue
frame |1..1
AV
TM_ReferenceSystem <<DataType>>
<<DataType>> —{>> TM_Coordinate
JulianDate
+ coordinateValue : Number
) value 1 <<DataType>>
TM_OrdinalEra = position | TM_OrdiialPosition
<<Enumeration>>
TM_IndeterminateValue <<DataTypge>>
+ unknown : Code — > TMcCalDate
+ now : Code + calDate : Sequence<Integer>
+ before : Code + calendarEraName : CharacterString
+ after : Code

<<DataType>>

<<DataType>> 4|> TM_ClockTime

TM_DateAndTime + clkTime : Sequence<Number>

Figure D.33 — Temporal position, from ISO 19108

Components represented as UML attributes of type TM_Position are represented as GML |properties
with XML Schema type gml:TimePositionType. This is a simple content type the detail$ of whose
der]vation are described in 14.2.2.5\This represents the requirements shown in Figure D.33|as follows:

“TM_Coordinate”, which gives-temporal position represented by a single number, is implgmented by
XML Schema type “decimal’;

“TM_OrdinalPosition”,;which carries an association with a TM_OrdinalEra, is implemented by XML
Schpma type “anyURI%-“which follows the pattern used in GML where associations are injplemented
through references;

“TM_CalDate” \which carries attributes consisting of sequence of numbers for the caldndar date,
and an era‘hame, is implemented in gml:CalDate by a union (choice) of XML Schema types “date”,

“gYear”, {gYearMonth”, whose lexical representations follow ISO 8601-1, to which an XML attribute
“ca]lendarEraName" is added;

“TM_ClockTime”, which carries a sequence of numbers describing an instant that recurs daily, is
implemented by XML Schema type “time”, whose lexical representation follows ISO 8601-1;

“TM_DateAndTime” is implemented by XML Schema type “dateTime”, whose lexical representation
follows ISO 8601-1;

The variants “date8601”, “time8601” and “dateTime8601”, shown in TM_Position, are implemented by
the XML Schema types “date”, “time” and “dateTime”, already introduced;

“IndeterminatePosition” is represented using an XML attribute of the same name;

The role “frame” is implemented using an XML attribute of the same name, whose value has type
“anyURI”, which follows the pattern used in GML where associations are implemented through
references.
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D.2.5.6 Temporal topology

TM_TopologicalComplex

complex$1..1

Complex

TM_Primitive

7

1.7 | primitive

TM_TopologicalPrimitive

N\

“TM_Topol
“primitive’

“TM_Topol
“complex”
made optid

“TM_Node

are implenpented by property elements of the same name in GML. The “geometry” role is implemer

by the “pos

“TM_Edge’
implement
the “extent

D.2.5.7 T

The UML
Systems” p

* end
TM_Edge i TM_Node
previousEdge T¢rmination 1.1
0..* start.
topology| 0.1 next€dge Initiation ! topology | 0..1
Realization Realization

O..1\Lgeometry 0.1 \Lgeometry

TM_Period TM_Instant

Figure D.34 — Profile of temporal topology adapted from ISO 19108
bgicalComplex” is represented by the “AbstractTimeTopologyComplex” object element.
role is implemented by a property element of the.same name.

bgicalPrimitive” is represented by the “AbsttactTimeTopologyPrimitive” object element.
role is implemented as a reference by a property element of the same name, though th
nal.

is implemented by the “TimeNode’object element. The “previousEdge” and “nextEdge” r
ition” property.

is implemented by the “TimeEdge” object element. The “start” and “end” roles
" property.

emporal reférence systems

[lass didgrams in Figures D.35 to D.38 illustrate the profile of the “Temporal Referg
ackage(compare with ISO 19108:2002, Figures 7 to 10).

The

The
s is

bles
ted

are

ed by property elements of the same name in GML. The “geometry” role is implemented by

nce

TM_ReferenceSystem
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+ name : RS_Identifier
+ domainOfValidity [0..*] : EX_Extent

1

TM_Calendar

TM_OrdinalReferenceSystem

TM_CoordinateSystem TM_Clock

Figure D.35 — Hierarchy of temporal reference systems from ISO 19108
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“TM_ReferenceSystem” is implemented by the “AbstractTimeReferenceSystem” object element. The
“AbstractTimeReferenceSystem” element may carry additional properties: an optional “description”
element, one or more “name” elements, an optional “identifier” element, and a mandatory "gml:id"
attribute. The “domainOfValidity” attribute is implemented using an XML attribute of the same name.
This has XML Schema type “string” which implements the “description” attribute of EX_Extent (see
ISO 19115).

These properties are inherited by all the components that are substitutable for
AbstractTimeReferenceSystem.

D 2 EQ Calandarc and clacl-o
OO

COTITITOaOT o oIt CrotTisy

TM_Calendar
datingSystemYL* dateBasis | 0..*
Basis Resolution
1..* \[yreferenceFrame 0..1| timeBasis
TM_CalendarEra TM_Clock
+ name : CharacterString + referenceEvent : CharacterString
+ referenceEvent : CharacterString + referenceTime : TM_ClockTime
+ referenceDate : TM_CalDate + utcReference : TM_ClockTime
+ julianReference : JulianDate
+ epochOfUse : TM_Period

Figure D.36 — Model for calendar and clock, from ISO 19108

“TM_Calendar” is implemented by the “TimeCalendar” object element. The “referenceFrame” role is
impglemented as a property element of the same name.

“TM_CalendarEra” is implemented by the “TimeCalendarEra” object element. The “refer¢nceEvent”,

“referenceDate”, “julianReference® and “epochOfUse” attributes are implemented as propertly elements
of the same names.

» o«

“TM_Clock” is implemented by the “TimeClock” object element. The “referenceEvent”, “referlenceTime”,
and “utcReference” atfributes are implemented as property elements of the same npmes. The
“dateBasis” role is.iniplemented as a property element of the same name.

D.2|5.9 Timecoordinate systems

TM_CoordinateSystem

+ Origin : DateTime

+ interval: f‘hnrnr\fnerring

Figure D.37 — Model for temporal coordinate system, from ISO 19108

“TM_CoordinateSystem” is implemented by the “TimeCoordinateSystem” object element. The “origin”
attribute is implemented as a choice of property elements “origin”, which refers to a Timelnstant, or
“originPosition” which encodes a position directly. The “interval” attribute is implemented as a property
element of the same name, using TimelntervalLengthType which follows ISO/IEC 11404.
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D.2.5.10 Temporal ordinal reference system
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re D.38 — Model for temporal ordinal reference system, adapted from ISO 19108

bnent” role is implemented as a property element of the same name:

alEra” is implemented by the “TimeOrdinalEra” object element. The “name”, “begin” and “
hre implemented by the “name”, “start” and “end” propertie§/inherited from TimeEdge.
Fole is implemented as property element of the same namé. The “group” role is impleme

operty are also inherited from TimeEdge.

onformance

A. Concerning the criteria defined in-Clause 2, GML as an application schema for
gets conformance with A.1. The conditions of this conformance clause are met by the pr
pbove.

D 19109 rules for application schema

ML implements a subset of the general feature model defined in ISO 19109.

1 extensions are.implemented by GML. The general feature model is concerned
e types whereasjan application schema (in GML or UML) will often deal with additi
h types. Examples are data types, enumeration types, union types, etc. which are

om the general feature model to the application schema is possible.

casé of UML, the mapping from the general feature model to the GML feature model descr

in XML Schietna is in general straightforward.

nce by a property element of the same name. An optiohal “description” and a mandat

overning conformance of a profile with ISO\¥9108 are described in ISO 19108:2002, Clau

xplicitly insthe general feature model. ISO 19109 therefore specifies that only a one-

alReferenceSystem” is implemented by the “TimeOrdinalReferenceSystem” object elemfent.

nd”
The
ted
ory

q

1

ce 2
lata
file

((

nly
nal
not
vay

ilbed

!

The changes shown in Table D.6 have been applied to the general feature model of ISO 19109.

Table D.6 — Description of the implementation of ISO 19109

Change Explanation

GF_FeatureOperation deleted

Operation are not supported

Multiplicity of GF_InheritanceRelation/supertype
changed to “1”

the substitution group mechanism of XML Schema

Only single inheritance is supported and mapped to

Some additional comments on the metaclasses of the general feature model are shown in Table D.7.

266
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Table D.7 — Remarks on the implementation of ISO 19109

Change Explanation
1 |GF_AssociationType In general, the composition of association roles to asso-
ciations is not directly represented in GML application
schemas.
If the relationship between two association roles shall
be expressed explicitly in the GML application schema,
then the roles may be cross-referenced by
— representing the qualified element name of the
Targetobjectciass iman appinto annotatjon element
gml:targetElement which is of typex$d:string
— representing the qualified property npme of the
inverse association roles in anvappInfolannotation
element gml:reversePrpperty which is of type
xsd:string
— optionally representing the nam¢ of the
association inan’ appinfo annotatiqn element
gml:associatdienName which is | of type
xsd:string
2 ||GF_Constraint Constraints.mhdy be mapped to schematron donstraints
or may be-just expressed as text in documentation
annotations.
Therelationship between an application schema in UML and in GML is described as part of thd Annexes E
and|F dealing with the mapping between ISO 19109:ahd GML application schemas.
D.2.7 ISO 19111 spatial referencing by coordinates
D.2}7.1 Overview
The full conceptual model of ISO 19111:2007 is implemented in GML. The mapping is in} general a
strdightforward mapping from the conceptual model to the GML schema. Only, schema cpmponents
with a more complex mapping-are detailed in D.2.7.
Wherever a GML object is associated with a Coordinate Reference System, this is implemented by an
attifibute (srsName) pojnting to a gml1 : AbstractCRs element.
Additional attributes’ are defined in the content model of the same element carrying [redundant
infqrmation abalit'the coordinate reference system. srsbimension is the dimension of the [coordinate
refgrence system as stated in the coordinate reference system definition. The axisLabels and uomLabels
attrjibutes_are’lists of the labels and units of measurement associated with the different axes of the
coordinate-reference system.
D-2.7.2 }dcutiﬂcd Ubicbt pabl\agc

For the implementation in GML, the 10_IdentifiedObjectBase and the SC_CRS classes are merged into
the 10_IdentifiedObject class to support a simpler XML encoding of the I0_IdentifiedObject class. Note
that the “name” attribute of SC_CRS is mapped to the “name” attribute of I0_IdentifiedObject.

The 10_IdentifiedObject type is implemented by gml:Tdentifiedobject element and its content model
is derived-by-extension from gml:DescriptionType.

RS_Identifier is implemented by gm1 : codeType. If used, the "version [0..1]" attribute shall be represented
in the codespace attribute of gml:codeType.

EXAMPLE A name for coordinate reference system "4326" of the International Association of Oil and Gas
Producers' EPSG dataset (EPSG) can be represented using an URI as:
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<name>http://www.opengis.net/def/crs/EPSG/0/4326</name>

The use of the optional gml:description property is supported to allow encoding additional
information about each CRS object.

The "name" attribute is implemented by the gm1:identifier property.
The "identifier" attribute is implemented by the gm1:name property.
The "alias" attribute is implemented by the gm1:name property, too.

NOTE In a reverse mapping, identifiers would be those gml :name with a value or codespace that could be
mapped to gn RS_Identifier and all others would become aliases.

D.2.7.3 ordinate reference system package
The SC_CRP class is implemented by gml : AbstractCrs.

The "coordinateSystem"/"...CS" association role to a concrete subclass of the CSJCoordinateSysfem
class is implemented by gm1:coordinateSystem/gml:..cs where the specific CS type name is substityted
for ellipsed.

—

The "datum" association role to a concrete subclass of the CD_Datum class is implemented by gn
patum where the specific datum type name is substituted for ellipses.

NOTE This name change is required because global names are used‘and otherwise the type of the target
class could Iot be specified in the GML schema.

The "componentReferenceSystem" association role fromcthe SC_CompoundCRS class to the [SC_
SingleCRS flass, is implemented by the gm1: componentReferénceSystem property.

The "base(JRS" association, from the SC_ProjectedCRS\¢class to the SC_GeodeticCRS class, is implemented
by the gml {baseGeodeticCRS property.

D.2.7.4 (oordinate system package

Besides th¢ implementation rules specified in D.2.7.2 and D.2.7.3 the mapping is straightforward With
the except{on that the "axisUnitID" @ttribute of CS_CoordinateSystemAxis is implemented by the|uom
XML attribjute.

D.2.7.5 Datum package

Besides the implementation rules specified in D.2.7.2 and D.2.7.3 the mapping is straightforwprd,
except for the fact thatthe order of the properties in the CD_Datum has been changed in the mappinig to
gml:AbstrdctDatum,

D.2.7.6 QCoordinate operation package

The CC_Conversion and CC_Transformation classes are implemented in two steps as separate abstract
and concrete elements.

The parameterValue and method association roles from the CC_Operation class are implemented in the
concrete gml:Conversion and gml:Transformation elements, to reduce the need to use XML Schema
restriction.

The order of the properties in the CC_CoordinateOperation has been changed in the mapping to gm1:2p
stractCoordinateOperation.

The "coordOperation" association role, from the CC_ConcatenatedOperation class to the CC_
CoordinateOperation class, is implemented by the gml:coordoperation property.
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The "parameter” association roles to the CC_GeneralOperationParameter or CC_OperationParameter
class are implemented by the gml:generalOperationParameter OF the gml:operationParameter
property depending on the target class.

D.2.8 1ISO 19112 spatial referencing by geographic identifiers

GML does not provide a predefined schema for gazetteers. However, it does provide predefined
properties for spatial references by geographic identifiers:

— The property <gml:locationName> contains a text that describes the location.

D.2

GM
mef

As
GM
met

D.2
Thd

D.2

Thd
abs
cor

.9 ISO 19115 metadata

adata information.

.101ISO 19118 encoding

.111SO 19123 coverages

The property <gml:locationReference> references a text that describes the location.

. does not provide an information model for metadata. Instead a mechanism €e/include o
adata is provided for all object elements.

bpecified in 7.2.6, if metadata following the conceptual model of ISO 19115 is to be en
. document, the corresponding XML Schema specified in ISO/TS 19189 has to be used to

encoding rules described in E.2 conforms to ISO 19118 Level 1.

UML model of the GML profile defined in\this annex describes a conceptual mg
fract types defined in ISO 19123. Table D.8.faps GML Coverage object and property ng
‘esponding class names and their attributes in ISO 19123 to ease the comparison with that standard.

Table D.8 — Deseription of the implementation of ISO 19123

ISO 19123 construct

GML construct

CV_Coverage

AbstractCoverage (AbstractCoverageType)

domainExtent (attribute)

boundedBy (property)

domainElement (role name)

domainSet (property)

rangeElément (role name)

rangeSet (property)

AttributeValues

ValueArray,
or

AbstractScalarValueList

CoverageFunction (association)

coverageFunction (property)

CV_GridValuesMatrix

Ir reference

coded in a
encode the

del of the
mes to the

GridEunction

sequencingRule (attribute)

sequenceRule (property)

CV_SequenceRule SequenceRuleType
CV_SequenceType SequenceRuleNames
scanDirection (attribute) order (attribute)
startSequence (attribute) startPoint (property)
CV_Grid Grid
CV_GridEnvelope GridEnvelope

low (attribute) low (property)

high (attribute) high (property)
CV_RectifiedGrid RectifiedGrid
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Table D.8 (continued)

ISO 19123 construct GML construct
origin (attribute) origin (property)
offsetVectors (attribute) (set of) offsetVector(s) (property)
CV_DiscretePointCoverage MultiPointCoverage
CV_DiscreteCurveCoverage MultiCurveCoverage
CV_DiscreteSurfaceCoverage MultiSurfaceCoverage
CV_DiscreteGridPointCoverage GridCoverage

or

RectifiedGridCoverage

The additignal changes shown in Table D.9 have been applied to the coverage package of 1SO-19123.

Table D.9 — Description of the profile of ISO 19123

Change Rationale

All subclasses of CV_ContinuousCoverage deleted Currently not supported bynGML.

Coordinate|Reference System association deleted from |Replaced by srsName. (orframe) attributes on the
CV_Coverage Geometry or Temperdl objects in the domain. The GML
coverage packageallows for domain objects to be in
different coordinate reference systems (or referenc

9%

frames).
CV_CommopPointRule deleted Currently‘not supported by GML.
AttributeValues deleted Replaced by a choice between the GML analogues:

ValugArray or AbstractScalarValueList.

CV_GeometfryValuePair deleted The GML coverage encodes only the domain-range
functional viewpoint.

CV_GridValpesMatrix deleted The mapping between grid points and range values
including sequence rule, etc. is contained in an obje
(GridFunction) that does not inherit from Grid.

CV_GridCel Currently not supported by GML.

—t

The UML dlass diagram in Figure B39 illustrates the profile of the “Coverage root” package (compare
with ISO 19123:2005, Figure 2).

<<Union>>
RangeSet
<<Union>>
DomainSet + sequence<ValueArray>
) AbstractCoverage + sequence<AbstractScalarValueList>
+ GM:Object g + DataBlock
+, TM~Object + domainSet : DomainSet + File
+ rangeSet : RangeSet
AbstractDiscreteCoverage AbstractContinuousCoverage

Figure D.39 — Coverages overview

The UML class diagram in Figure D.40 illustrates the discrete coverages (compare with ISO 19123:2005,
Figures 3, 4 and 5).
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AbstractCoverage

+ domainSet : DomainSet
+ rangeSet : RangeSet

<<Union>>
CoverageFunction
+ MappingRule
+ GridFunction

AbstractContinuousCoverage

AbstractDiscreteCoverage

+ coverageFunction [0..1] : CoverageFunction

T

MultiPointCoverage MultiSurfaceCoverage GridCoverage

MultiCurveCoverage MultiSolidCoyérage RectifiedGridCoverdge

Figure D.40 — Discrete coverages
The rules governing conformance of a profile of SO 19123 are described in ISO 19123:200}5, Clause 2
and Annex A.

The conditions of the following conformance clauses are met:
— |A.1.1 Simple coverage interface;j

— |A.1.2 Discrete coverage interface;

— |A.1.4 Quadrilateral grid coverage interface.

Note that derived attributes are treated as operations and it is assumed that the derived attyibutes will
be derived from theddata by the application handling the GML instances.

D.3 Extension of the profile of the ISO 19100 series of International Stan¢glards

D.3.1 <Overview

Thefoltowingsubctausesdefime theadditiomat partsof GMEthatare ot tovered by the profile of
the ISO 19100 series defined in D.2. UML is used as the conceptual schema language to describe the
additional elements in accordance with ISO/TS 19103. For details on the semantics of the additional
classes see Clauses 7 to 19.

The GML schema components have been grouped semantically based on the structure of the Clauses 7
to 19 and a package for each grouping is created. The required additional classes not documented in D.2
are defined in the corresponding package. The packages are part of a package “GML”.

D.3.2 Package “basicTypes”

In addition to the types from ISO/TS 19103:2005, 8.2 defines a number of additional types that are used
and required by other GML schema documents.
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Most of these additions are the result of the capability to provide information about void information
(nilReason attributes). It has been added to the GML schema based on user requirements and since the
concept was considered to be of general utility (see Figures D.41 and D.42).

The list types are just convenience types to simplify the writing of the GML schema.

272

<<CodeList>>
NilReasonEnumeration

<<Union>>
NilReason

+ inapplicable

+ NilReasonEnumeration

<<Enumeration>>
Sign

+

+ missing + URI + "
+ template
+ unknown
+ Wwithheld
A string value is restricted to the pattern
implied by the xsd:Name type
|
|
|
<<Union>> <<Union>> <<Union>>

booleanOrNilReason

stringOrNilReason

NameOrNilReason

+

value : Boolean
hilReason : NilReason

+

+ value : CharacterString
+ nilReason : NilReason

+ value : CharacterString
+ nilReason : NilReason

<<Union>>
doubleOrNilReason

+ value : Real
+ nilReason : NilReason

<<Union>>
integerOrNilReason

+ value :dnteger
+ nilReason : NilReason

<<Type>>
CharacterString
(from 1SO/TS 19103)

7

<<Type>>
Coordinates

+ decimal [0..1] : CharactérString = "."
+¢s [0..1] : CharacterString = ","
+ts [0..1] : CharacterString = "&#x20;"

<<Type>>
URI

Figure D.41 — Simple types
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<<Type>>
booleanList

+ list : sequence<Boolean>

<<Type>>
booleanOrNilReasonList

+ list : sequence<booleanOrNilReason>

<<Type>>
integerList

<<Type>>
integerOrNilReasonList

+ list : sequence<Integer>

+ list : sequence<integerOrNilReason>

<<Type>>
doubleList

<<Type>>
doubleOrNilReasonList

+ list : sequence<Real>

+ list : sequence<doubleOrNilReason=

i

<<Type>>
MeasureList

+ uom : UnitOfMeasure

<<Type>>
NameList

+ list : sequence<GenericName>

7

|

<<Type>>
MeasureOrNilReasonList

+ uom “UnitOfMeasure

<<Type>>
NameOrNilReasonList

+ list : sequence<NameOrNilReason>

<<Type>>
CodelList

<<Type>>
QNamelList

<<Type>>
CodeOrNilReasonList

+ codeSpace [0..1] : URI

+ list : sequence<ScopedName>

+ codeSpace [0..1] : URI

<<Type>>
NCNameList

+~list.¥ sequence<LocalName>

Figure D.42 — Lists

D.3.3.“Package “gmlBase”

In addition to the types from ISO/TS 19103:2005, 7.2 defines few additional types that are used by other
GML schema documents besides those that are part of the mapping from the conceptual schema to the
XML Schema implementation. The representation of object types, association roles, etc. in XML Schema

is described in Annex E.

gml:AbstractObject, gml:AbstractGML and gml:AbstractFeature (see D.3.4) make general concepts
explicitly available for use in an application schema. This is required/useful, for example when a
property may carry a value that is any feature (see Figures D.43 and D.44).
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<<Type>>
Any
(from ISO/TS 19103)

<<Type>>
AbstractObject

< <Type >>
AbstractGML

+ description [0..1] : CharacterString
+ descriptionReference [0..1] : URI
+ name [0..*] : GenericName

+ identifier [0..1] : ScopedName

Figure D.43 — Base types

<<Enumeration>>
AggregationType

+ set

+ bag

+ sequence
+ array

+ record

+ table

Figure D.44~— Aggregation types of collection

D.3.4 Pafkage “feature”

This subclpuse specifiescadditional types used in Clause 9. The types clarify the representatiop of
feature types and comimon, predefined, optional property elements, namely names, an identifigr, a
description and a bounding envelope (see Figure D.45).
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<<Type>>
AbstractObject

(from gm/Base)

7

<<Type>>
AbstractGML

(from gmiBase)

+ description [0..1] : CharacterString
+ descriptionReference [0..1] : URI
+ name [0..*] : GenericName

+ identifier [0..1] : ScopeName

7

<<FeatureType>>
AbstractFeature <<MetaClass>>

P > GF_FeatireType
+ boundedBy [0..1] : GM_Envelope (from 1S0.,19109)

<<DataType>>
GM_Envelope
(from 1SO 19107)

7

<<DataType>>
EnvelopeWithTimePeriod

+ frame : TM_ReferenceSystem = "ISO-8601"
+ beginPosition : TM_Position
+ endPosition : TM_Position

Figure D.45 — Features

D.3|.5 Package “geomietryBasic0d1d”

Thip subclause specifigs additional types used in 10.3 and 10.4.

<<Type>>
GM_Curve
(from 1SO 19107)

N

<<Type>>

LineSting | | segment->forAll(oclisKindOf(GM_LineString))}

{segment->size=1 and Ij

Figure D.46 — GM_Curve with a single GM_LineString segment

An additional subtype of GM_Curve is added in GML. “LineString” is a special curve that consists of
only GM_LineString segments. The XML representation of the “LineString” object element joins
all the segments into one segment and its control points are represented as direct properties of the

“LineString”. (See Figure D.46.)
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The "LineString" type as specified above was added as a convenience type since it represents a typical
case in practice.

D.3.6 Package “geometryBasic2d”

This subclause specifies additional types used in 10.4.5.

<<Type>>
GM_Surface
(from 1SO 19107)

i

<<Type>>
Polygon

{patch->size=1 and
—————— patch->forAll(oclIsKindOf(GM_Polygon))}

<<Type>>
GM_Ring
(from ISO 19107)

i

<<Type>>
LinearRing

{generater->size=1 and
—————— generator->forAll(oclisKindOf(LineString))}

Figure D.47 — A GM_Surface with a single GM_Polygon patch

An additiopal subtype of GM_Surfage\is added in GML. “Polygon” is a special surface that consistfs of
a single G _Polygon patch. Since ©nly a single patch exists, the XML representation of the “Polygon”
object elemient skips the patch level and the exterior and interior boundary properties of the patch|are
represented as direct properties of the “Polygon”.

In a similar way, “LinearRing” is a simple ring (a GM_Ring represented by a single line string).

The "Polygon" and *LinearRing" types as specified above were added as convenience types since fhey
represent g typical:cdse in practice. (See Figure D.47)

D.3.7 PafKage “geometryPrimitives”

This subclause specifies additional types used in 10.5.10.
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<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

<<Abstract>>
GM_SurfacePatch

(from Geometric primitive)

+ numDerivativesAtStart[0..1] : Integer = 0
+ numDerivativesAtEnd[0..1] : Integer = 0
+ numDerivativelnterior[0..1] : Integer = 0

+ interpolation : GM_Curvelnterpolation = "linear"

+ interpolation : GM_Surfacelnterpolation = "planar"
+ numDerivativesOnBoundary[0..1] : Integer = 0

Rectangle

b a S OM_S e
ot

Thd
MR
ins

¢}

D.3
Thi

<Datalype
ArcByCenterPoint

+ controlPoint : GM_PointArray
+ radius : Length

+ startAngle [0..1] : Angle

+ endAngle [0..1] : Angle

R 4
DOtCafry— vi—otaeesouRaary

boundary.interior->isEmptycand
boundary.exterior.ocllsKindOf(LinearRing)

<<DataType>>
CircleByCenterPoint

interpolation = "circularArc€enterPointWithRadius" Ij

Figure D.48 — Additional curve segments and surface patches

.8 Package “geometryAggregates”

5 subclause specifies additional types used in 11.3.

curve segments “ArcByCenterPoint” andg/CircleByCenterPoint” as well as the surfface patch
rtangle” have been defined in GML since these representations of a circle or arc are cominonly used
everal application domains (see Figure<D.48).

<<Type>>
GM_Aggregate

(from Geometric aggregates)

MultiGeometry

Figure D.49 — Additional geometric aggregates

GML defines an instantiable geometric aggregate which is not restricted to elements of a single
dimension: “MultiGeometry”. This type has been added since such a collection of geometry objects is
used in several applications and it is considered a generally useful concept. (See Figure D.49.)
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D.3.9 Packages “coordinateOperations”, “coordinateReferenceSystems”,
“coordinateSystems”, “dataQuality”, “datums”, “referenceSystems”
D.3.9.1 Overview

D.3.10 specifies temporal reference systems as an additional coordinate reference system subtype
along with types for temporal datums and time coordinate systems.

The mapping to the GML objects implementing these types (gml:TemporalCRS, gml:Timecs and
gml: TemporalDatum) is straightforward and follows the rules described in D.2.7.

D.3.9.2 UML schema of package "coordinateReferenceSystems"

Figure D.50 shows the UML class diagram of the coordinateReferenceSystems package relevanft to
temporal (RS.

<<Type>>
SC_SingleCRS
(from 1SO 19111)

<<Type>>
TemporalCRS

(from coordinateReferenceSystems)

Figure D.50 —-=\TemporalCRS

Table D.10 — Defining elements of TemporalCRS class

Description: A 1D coordinate reference system used for the recording of time.
Stereotype (none)
Derived frdm SC_SingleCRS

Associatior) roles: |datum to-TemporalDatum|[1]

coordinateSystem to CS_TimeCS[1]
(assoeiations inherited from SC_SingleCRS)
Public attriputes: _{6.attributes inherited from 10_IdentifiedObjectBase, RS_ReferenceSystem and SC_CRS.

D.3.9.3 UML, schema of package "coordinateSystems"

A time coordinate system is a 1-dimensional coordinate system containing a single time axis and is
used to describe the temporal position of a point in the specified time units from a specified time origin.

Figure D.51 shows the UML class diagram of the coordinateSystems package relevant to time coordinate
systems. A restriction on the association between SC_SingleCRS and CS_CoordinateSystem is shown in
the UML class diagram in Figure D.52.

There are restrictions on associations between Coordinate Reference System subtypes and Coordinate
System subtypes are shown in the UML class diagram in Figure D.52.
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<<Type>>
CS_CoordinateSystem
(from 1SO 19111)

<<CodeList>>
CS_AxisDirection
+ future
+ past
<<Type>>
TimeCS

Figure D.51 — TimeCS

<<Type>>
SC_SingleCRS
(from 1SO 19111)

<<Type>>
CS_CoordinateSystem
(frdmN1SO 19111)

<<Type>> <<Type>>
TemporalCRS +referenceSystem +eoofdinateSystem TimeCS
(from coordinateReferenceSystems) 0.* 1

Figure D.52 — Association between TemporalCRS and TimeCS

Table D.11 —Defining elements of TimeCS class

Deqcription: A one-dimensional coordinate system containing a time axis, used to describe|the tempo-
ral position df.a point in the specified time units from a specified time origin. A TimeCS
shall haveonhe axis association.

Stefeotype: (none)

Derived from

CS-CoordinateSystem

Asdociation roles:

cgordinateSystem from TemporalCRS[1]

(associations inherited from CS_CoordinateSystem)

Public attributes:

4 attributes inherited from 10_IdentifiedObject and 10_IdentifiedObjectBase.

Table D.12 — Defining elements of CS_AxisDirection class

Der rintion.
SCTTpTIoT

Thao divact:
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Stereotype:

Association roles

Public attributes:

CodelList

Derived from (none)

Used by: CS_CoordinateSystemAxis

: (none)

Attribute | UML identifier Data type Obligation Maximum Attribute description
name occurrence
future Future CharacterString C 1 Axis positive direction is to-
wards the future.

Condition: One and

only one of the listed attributes shall be supplied.
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Table D.12 (continued)

past Past CharacterString C 1 Axis positive direction is to-
wards the past.

Condition: One and only one of the listed attributes shall be supplied.

D.3.9.4 UML schema of package "datums"

Figure D.53 shows the UML class diagram of the datums package relevant to temporal datums. A
restriction on the association between SC_SingleCRS and CD_Datum is shown in the UML class diagram
in Figure D.54

<<Type>>
CD_Datum
(from ISO 19111)

<<Type>>
TemporalDatum

+ anchorDefinition [0..0] : CharacterString
+ realizationEpoch [0..0] : Date
+ origin : DateTime

Figure D.53 — TemporalDatum

<<Type>> <<Type>>
SC_SingleCRS CD_Datum
(from 1SO 19111) (from 1SO 19111)
<<Type>>
<<Type>> TemporalDatum
TemporalCRS +referenceSystem  + datum

+ anchorDefinition [0..0] : CharacterString
0.” 1|+ realizationEpoch [0..0] : Date
+ origin : DateTime

(from coordinateReferenceSysteéms)

Figure D.54 — Association between TemporalCRS and TemporalDatum
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Table D.13 — Defining elements of TemporalDatum class

Description: A temporal datum defines the origin of a temporal reference system.

Stereotype: (none)
Derived from CD_Datum
Association roles: datum from TemporalCRS[1]

Public attributes: 8 attributes inherited from CD_Datum, I0_IdentifiedObject and 10_IdentifiedObjectBase, plus:

Attribute | UML identifier Data type Obligation | Maximum Attribute describtion
hame occurrence
Drigin origin DateTime M 1 The date and time orig]n of this
temporal datum.
Of the 8 inherited attributes the following two are modified:
Anchor | anchorDefinition | CharacterString M 0 This attribute is not uspd by a
ddfinition temporal datum.
Rehplization |realizationEpoch Date M 0 This attribute is not uspd by a
epoch temporal datum.

D.3.10 Package “topology”

Thip subclause specifies additional types used in Clause 13:

<<DataType>>
TP_Expression
(from Topolagical primitive)

& N\

<<DataType>>
TopoPoint

<<DataType>>
TopoCurve

<<DataType>>
TopoSurface

<<DataType>>
TopoVolume

term->forAll(variable.oclIsKindOf(TP_DirectedNode) Ij

term->forAll(variable.oclIsKindOf(TP_DirectedEdge) AN

T
|
|
term->forAll(variable.oclIsKindOf(TP_DirectedFace) I
|
|
I

term->forAll(variable.oclIsKindOf(TP_DirectedSol

-

Figure D.55 — Topological expressions

GML defines several data types containing (or referencing) directed topological primitives, one per

dimension: “TopoPoint”,

» o«

TopoCurve”,

» oo«

which are intended to be used in properties of features in applications. (See Figure D.55.)

D.3.11 Package “dynamicFeature”

This subclause specifies additional types used in 14.5.

© IS0 2020 - All rights reserved
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The dynamic feature concept has been added to GML, because a capability to express time varying
properties has been considered a fundamental concept of geographic information. (See Figure D.56.)

<<FeatureType>>
DynamicFeature

+ validTime [0..1] : TM_Primitive

+ history [0..*] : AbstractTimeSlice

+ dataSource [0..1] : CharacterString
+ dataSourceReference [0..1] : URI

N

0..*

<<Type>>
AbstractTimeSlice

+ validTime : TM_Primitive
+ dataSource [0..1] : CharacterString
+ dataSourceReference [0..1] : URI

<<FeatureType>>
DynamicFeatureCollection

D.3.12 Papkage “dictionary”

This subclg

+dynamicMembers

Figure D.56 — Dynamic features

iuse specifies additional types used in Clause 15. The:dictionary concept has been addef to

GML, becayse a capability to encode dictionaries of code lists, units and coordinate reference systengs is

fundament]

NOTE

282

al for working with instance data and application.8schemas. (See Figure D.57.)

<<Type>>

AbstractGML

(from gmiBase)

+ description [0..1] : CharacterString
+ descriptionReference [0::4] : URI
+ name [0..*] : GenericName

+ identifier [0..1] : GenericName

<<Type>>
Definition

{identifier->size>=1} ﬁ
~

A

+dictionaryEntry
0..n

<<Type>>
Dictionary

Figure D.57 — Dictionaries

The “Dictionary” class had to be named GMLDictionary to avoid a naming conflict with the class with
the same name in ISO/TS 19103.

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

D.3.13 Package “units”

ISO 19136-1:2020(E)

This subclause specifies additional types used in 16.2. The schema has been specified as part of GML,
because the model used in ISO/TS 19103 was not sufficient to express the information required about

units of measurement (see Figure D.58).

<<Type>>
Definition
(from dictionary)

/\

o

<<Type>>
UnitDefinition

+ quantityType [0..1] : CharacterString
+ quantityTypeReference [0..1] : URI
+ catalogSymbol [0..1] : GenericName

{roughConversionToPrfeferredUnit->size
conversionToPreferredUnit->size = 1}

F

Q /
/
/
/
<<Type>> <<Type>>
BaseUnit ConventionalUnit
+ unitsSystem : URI + conversionToPreferrédUnit [0..1] : ConversionToPreferredUnit
+ roughConversionToPreferredUnit [0..1] : ConversionToPreferredUr]it

+ derivationUnitTerm*[0..*] : DerivationUnitTerm

<<Type>>
DerivedUnit

+ derivationUnitTerm [1..*] : DerivationUnitTerm

<<DataType>>
ConversionToPreferredUnit

+ uom : UnitOfMeasure
+ factorOrFormula : FactorOrFormula

<<DataType>> <<Union>> <<DataType>>
DerivationUnitTerm FactorOrFormula Formula
+ uom :)UnitOfMeasure + factor : Real +a[0..1]: Real
+ exponent : Integer + formula : Formula +b:Real
+ ¢ : Real
+d[0..1] : Real

Figure D.58 — Unit definitions

D.3. T4 Package "measures

This subclause specifies additional types used in 16.3. In addition to the subtypes of "Measure" as
specified in ISO/TS 19103, another subtype has been used in the context of grids and thus has been

specified as part of the GML schema (see Figure D.59).
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D.3.15Pa
This subcl4

<<Type>>
Measure
(from ISO/TS 19103)

<<Type>>
GridLength

Figure D.59 — Additional measures

rkage “valueObjects”

use specifies additional types used in 16.4. These types are used in the observations sch¢ma
(see D.3.17)).

The compgnent hierarchy is illustrated in the UML class diagrams in Figures D.60 to D.64. YML

generalization relationships are used to indicate XML Schema substitution-group and choice grjoup
membershjp. UML composition relationships are used to indicate membership in an XML Schema tlype
content mddel.
<<Type>>
AbstractObject
(from’gmiBase)
<<Union>>
Value
+ AbstractValue
+ GM_Object
+ TM_Object
<<Type>>
AbstractValue
Figure D.60 — Value expressions
284

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c56b158cab16275aefa7255f8b54e574

ISO 19136-1:2020(E)

<<Type>>
AbstractValue

1

<<Type>>
AbstractScalarValue

2\

<<Type>> <<Type>>
BooleanValue Quantity
+ value : booleanOrNilReason

+ value : MeasureOrNilReason

<<Type>>
Category

+ value : CodeOrNilReason

<<Type>>
Count

#Vvalue : integerOrNilReason

<<Union>> <<Union>> <<Union>> <<Union>>
booleanOrNilReason CodeOrNilReason MeasureOrNilReason integerOrNilReagon
(from basicTypes) . (from basicTypes) (from basicTypeq)
+ value : GenericName
+ value : Boolean + nilReason : NilReason *.Value : Measure + value : Integer
+ nilReason : NilReason + nilReason : NilReason + nilReason : NilRegson

Figure'D.61 — Scalar values

NOTE To avoid a naming conflict with the class Boolean in ISO/TS 19103, the boolean value obj¢
been named BooleanValue.

ct class has
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