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Foreword

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights.
The OGC shall not be held responsible for identifying any or all such patent rights.

Recipients of this document are requested to submit, with their comments, notification of any relevant patent
claims or other intellectual property rights of which they may be aware that might be infringed by any
implementation of the standard set forth in this document, and to provide supporting documentation.

The Geography Markup Language (GML) was originally developed within the Open Geospatial Consortium, Inc.
(OGC). ISO 19136 was prepared by ISO/TC 211 jointly with the OGC.

This version is a corrigendum to GML 3.2.1 (ISO 19136:2007). It addresses the OGC Change Request 12-092
(gml:id attribute on LinearRing) by applying the following changes:

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

e the elements gml:AbstractRing and gml:Shell have been added to the substitutionGroups
gml:AbstractCurve and gml:AbstractSurface respectively;

e the types gml:AbstractRingType and gml:ShellType are now extended from base types
gml:AbstractCurveType and gml:AbstractSurfaceType respectively;

These changes correct inconsistencies with 1ISO 19107 without breaking the validity of instance documents
created using the GML 3.2.1 schema. l.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) is a corrigendum and the corrected schema replaces the GML
3.2.1 schema. Previous versions of the GML 3.2.1 schema are available at http://schemas.opengis.net/gml/gmi-
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 /
ISO 19136:2007.

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:

e 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.

This corrigendum also updates URIs — 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 coordinate reference systems).

Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved. 5
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As the corrigendum is currently not published by ISO, the reference to the normative schema documents in Annex
C now refers to the OGC schema repository.
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OGC 07-036r1

Introduction

Geography Markup Language 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 Geography Markup Language (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 location relative to the Earth. So a digital representation of the real world may be thought of as a set of
features. The state of a feature is defined by a set of properties, where each property may be thought of as a
{name, type, value} triple.

The number 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 geometry-valued. A feature
collection is a collection of features that may itself be regarded as a feature; as a consequence 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 domain is usually captured in an
application schema. A GML application schema is specified in XML Schema and can be constructed in two
different and alternative ways:
— 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 this
International Standard;

— by adhering to the rules for GML application schemas specified in this International Standard for creating a
GML application schema directly in XML Schema.

Both ways are supported by this International Standard. To ensure proper use of the conceptual modelling
framework of the ISO 19100 series of International Standards, all application schemas are expected to be
modelled in accordance with the General Feature Model as specified in ISO 19109. Within the ISO 19100 series,
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 International Standards and the OpenGIS Abstract Specification. These conceptual models
include those defined in:

— ISO/TS 19103 — Conceptual schema language (units of measure, basic types);

— 1S0O 19107 — Spatial schema (geometry and topology objects);

— 1S0O 19108 — Temporal schema (temporal geometry and topology objects, temporal reference systems);

— 1S0O 19109 — Rules for application schemas (features);

— 1S0O 19111 — Spatial referencing by coordinates (coordinate reference systems);

— 1S0 19123 — Schema for coverage geometry and functions.

Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved. 7
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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.

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 International Standard).

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 features, simple
observations or value objects.

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

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 a collection of
features “to model and make visible spatial relationships between, and the spatial distribution of, Earth
phenomena” (OGC Abstract Specification Topic 6 [20]) and a coverage “acts as a function to return values from its
range for any direct position within its spatiotemporal domain” (ISO 19123).

An observation models the act of observing, often with a camera or some other procedure, a person or some form
of instrument (Merriam-Webster Dictionary: “an act of recognizing and noting a fact or occurrence often involving
measurement with instruments”). An observation is considered to be a GML feature with a time at which the
observation took place, and with a value for the observation.

A reference system provides a scale of measurement for assigning values to a position, time or other descriptive
quantity or quality.

A coordinate reference system consists of a set of coordinate system axes that is related to the Earth through a
datum that defines the size and shape of the Earth.

A temporal reference system provides standard units for measuring time and describing temporal length or
duration.

A reference system dictionary provides definitions of reference systems used in spatial or temporal geometries.
Spatial geometries are the values of spatial feature properties. They indicate the coordinate reference system in
which their measurements have been made. The “parent” geometry element of a geometric complex or geometric

aggregate makes this indication for its constituent geometries.

Temporal geometries are the values of temporal feature properties. Like their spatial counterparts, temporal
geometries indicate the temporal reference system in which their measurements have been made.

Spatial or temporal topologies are used to express the different topological relationships between features.

A units of measure dictionary provides definitions of numerical measures of physical quantities, such as length,
temperature and pressure, and of conversions between units.

8 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.
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Geographic information — Geography Markup Language (GML)

1 Scope

The Geography Markup Language (GML) is an XML encoding in compliance with ISO 19118 for the transport and
storage of geographic information modelled in accordance with the conceptual modelling framework used in the
ISO 19100 series of International Standards and including both the spatial and non-spatial properties of
geographic features.

This International Standard defines the XML Schema syntax, mechanisms and conventions that:

— provide an open, vendor-neutral framework for the description of geospatial application schemas for the
transport and storage of geographic information in XML;

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

— support the description of geospatial application schemas for specialized domains and information
communities;

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

— increase the ability of organizations to share geographic application schemas and the information they
describe.

Implementers may decide to store geographic application schemas and information in GML, or they may decide to
convert from some other storage format on demand and use GML only for schema and data transport.

NOTE If an ISO 19109 conformant application schema described in UML is used as the basis for the storage and
transportation of geographic information, this International Standard provides normative rules for the mapping of such an
application schema to a GML application schema in XML Schema and, as such, to an XML encoding for data with a logical
structure in accordance with the ISO 19109 conformant application schema.

2 Conformance

2.1 Conformance requirements

Clauses 7 to 19 of this International Standard specify XML Schema components, i.e. the GML schema, which
shall be used in GML application schemas in accordance with Clause 21. Clause 20 specifies rules for the
specification of a GML profile that may be defined for use in a GML application schema.

Few applications will require the full range of capabilities described by the GML schema. This clause, therefore,

defines a set of conformance classes that will support applications whose requirements range from the minimum
necessary to define simple feature types to full use of the GML schema.

1 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.
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Most of the schema components specified in this International Standard implement concepts defined in the
ISO 19100 series of International Standards. In these cases, the conformance classes defined in this International
Standard are based on the conformance classes defined in the corresponding standard.

Any GML application schema, GML profile or software implementation claiming conformance with one of the
conformance classes shall pass all test cases of the corresponding abstract test suite.

Any software implementation claiming conformance to this International Standard 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.

2.2 Conformance classes related to GML application schemas

GML application schemas claiming conformance to this International Standard 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.

Table 1 — Conformance classes related to GML application schemas

Conformance class Subclause of the
abstract test suite
All GML application schemas A.1.1
GML application schemas converted from an ISO 19109 application schema in UML A1.2
GML application schemas to be converted to an ISO 19109 application schema in UML A.1.3
GML application schemas defining features and feature collections A1.4
GML application schemas defining spatial geometries A1.5
GML application schemas defining spatial topologies A.1.6
GML application schemas defining time A7
GML application schemas defining coordinate reference systems A.1.8
GML application schemas defining coverages A1.9
GML application schemas defining observations A.1.10
GML application schemas defining dictionaries and definitions A.1.11
GML application schemas defining values A.1.12

2.3 Conformance classes related to GML profiles

The requirements of an application schema determine the XML Schema components from the GML schema that
shall be included in a GML profile. GML profiles claiming conformance to this International Standard shall satisfy
the requirements of the abstract test suite in A.2.

Depending on the contents and requirements concerning a specific GML profile, 31 conformance classes are
distinguished. Table 2 lists these classes and the corresponding subclause of the abstract test suite.

2 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.
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Table 2 — Conformance classes related to GML profiles

Conformance class Subclause of the
abstract test suite

All GML profiles A.2.1
Geometric primitives (spatial) — 0-dimensional A2.2.1.1
Geometric primitives (spatial) — 0/1-dimensional A.2.21.2
Geometric primitives (spatial) — 0/1/2-dimensional A.2.21.3
Geometric primitives (spatial) — 0/1/2/3-dimensional A2.21.4
Geometric complexes (spatial) — 0/1-dimensional A.2.3.1.1
Geometric complexes (spatial) — 0/1/2-dimensional A.2.3.1.2
Geometric complexes (spatial) — 0/1/2/3-dimensional A.2.3.1.3
Topologic complexes (spatial) — 0/1-dimensional A2.4.1.1
Topologic complexes (spatial) — 0/1/2-dimensional A2.41.2
Topologic complexes (spatial) — 0/1/2/3-dimensional A2.41.3
Topologic complexes with geometric realization (spatial) — 1-dimensional A.25.1.1
Topologic complexes with geometric realization (spatial) — 2-dimensional A.2.5.1.2
Topologic complexes with geometric realization (spatial) — 3-dimensional A.2.51.3
Coordinate reference systems A.2.6
Coordinate operations between two coordinate reference systems A.2.7
Temporal geometry — 0-dimensional A.2.8.1
Temporal geometry — 0/1-dimensional A.2.8.2
Temporal topology A.2.9
Temporal reference systems A.2.10
Dynamic features A.2.11
Dictionaries A2.12
Units dictionaries A2.13
Observations A2.14
Abstract coverage A.2.15.1
Discrete point coverage A.2.15.2
Discrete curve coverage A.2.15.3
Discrete surface coverage A.2.154
Discrete solid coverage A.2.15.5
Grid coverage A.2.15.6
Continuous coverage A.2.15.7

Curve implementations, for those GML profiles including 1-dimensional spatial geometry objects, shall always
include a “linear” interpolation technique. Surface implementations, for those GML profiles including 2-dimensional
spatial geometry objects, shall always include a “planar” interpolation technique. Additional curve and surface
interpolation mechanisms are optional but, if implemented, they shall follow the definition included in this

International Standard.
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NOTE 1 Compare these conformance classes with ISO 19107:2003, Clause 2, ISO 19108:2002, 2.2, and ISO 19123:2005,
Clause 2.

NOTE2 A GML profile conforming to the three conformance classes “Geometric primitives (spatial) — 0-dimensional”,
“Geometric primitives (spatial) — 0/1-dimensional”, and “Geometric primitives (spatial) — 0/1/2-dimensional” (in addition to
conformance class “All GML profiles”) conforms to the spatial profile defined in 1SO 19137:2007 and the respective
conformance tests in ISO 19137:2007, B.1, B.2 and B.3.

2.4 Conformance classes related to GML documents

GML documents claiming conformance to this International Standard shall conform to the rules specified in
Clauses 7 to 21 and pass all relevant test cases of the abstract test suite in A.3.

2.5 Conformance classes related to software implementations

Software implementations reading or writing GML or GML application schemas claiming conformance to this
International Standard shall pass all of the corresponding abstract test suites described in the abstract test suite in
Annex B.

Depending on the capabilities of the implementation, 11 conformance classes are distinguished. Table 3 lists

these classes and the corresponding subclause of the abstract test suite.

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
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
Reading GML application schemas B.6

3 Normative references

The following referenced documents are indispensable for the application 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, Data elements and interchange formats — Information interchange — Representation of dates and
times
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ISO/IEC 11404:1996, Information technology — Programming languages, their environments and system
software interfaces — Language-independent datatypes

ISO/TS 19103:2005, Geographic information — Conceptual schema language

ISO 19107:2003, Geographic information — Spatial schema

ISO 19108:2002, Geographic information — Temporal schema

ISO 19109:2005, Geographic information — Rules for application schema

ISO 19111:2007, Geographic information — Spatial referencing by coordinates

ISO 19115:2003, Geographic information — Metadata

ISO 19118:2005, Geographic information — Encoding

ISO 19123:2005, Geographic information — Schema for coverage geometry and functions
ISO/TS 19139, Geographic information — Metadata — XML schema implementation

ISO/IEC 19757-3, Information technology — Document Schema Definition Languages (DSDL) — Part 3: Rule-
based validation — Schematron

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 1.0, W3C Recommendation (27 June 2001)

W3C XML, Extensible Markup Language (XML) 1.0 (Third Edition), W3C Recommendation (4 February 2004)
W3C XML Namespaces, Namespaces in XML, W3C Recommendation (14 January 1999)

W3C XML Schema Part 1, XML Schema Part 1: Structures, W3C Recommendation (2 May 2001)

W3C XML Schema Part 2, XML Schema Part 2: Datatypes, W3C Recommendation (2 May 2001)

4 Terms and symbols

4.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
411

application schema

conceptual schema for data required by one or more applications

[ISO 19101:2002]
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41.2
association
semantic relationship between two or more classifiers that specifies connections among their instances

[ISO/IEC 19501:2005:]

41.3
attribute <XML>
name-value pair contained in an element

NOTE In this document an attribute is an XML attribute unless otherwise specified. The syntax of an XML attribute is
“Attribute::= Name = AttValue”. An attribute typically acts as an XML element modifier (e.g. <Road gml:id = “r1” />; here gml:id
is an attribute).

41.4
boundary
set that represents the limit of an entity

[ISO 19107:2003]

41.5
child element <XML>
immediate descendant element of an element

4.1.6
closure
union of the interior and boundary of a topological or geometric object

[ISO 19107:2003]

4.1.7
codelist
value domain including a code for each permissible value

4.1.8
codespace
rule or authority for a code, name, term or category

EXAMPLE Examples of codespaces include dictionaries, authorities, codelists, etc.

41.9

composite curve

sequence of curves such that each curve (except the first) starts at the end point of the previous curve in the
sequence

[ISO 19107:2003]

NOTE A composite curve, as a set of direct positions, has all the properties of a curve.
4.1.10

composite solid
connected set of solids adjoining one another along shared boundary surfaces

[ISO 19107:2003]

NOTE A composite solid, as a set of direct positions, has all the properties of a solid.
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41.11
composite surface
connected set of surfaces adjoining one another along shared boundary curves

[1ISO 19107:2003]

NOTE A composite surface, as a set of direct positions, has all the properties of a surface.
4112
coordinate

one of a sequence of n numbers designating the position of a point in n-dimensional space
[ISO 19111:2007]

NOTE In a coordinate reference system, the n numbers shall be qualified by units.

4113
coordinate reference system
coordinate system that is related to an object by a datum

[1ISO 19111:2007]

4114
coordinate system
set of mathematical rules for specifying how coordinates are to be assigned to points

[1ISO 19111:2007]

4.1.15
coordinate tuple
tuple composed of a sequence of coordinates

[1ISO 19111:2007]

4.1.16

coverage

feature that acts as a function to return values from its range for any direct position within its spatial, temporal or
spatiotemporal domain

[1ISO 19123:2005]
4.1.17

curve
1-dimensional geometric primitive, representing the continuous image of a line

[ISO 19107:2003]

NOTE The boundary of a curve is the set of points at either end of the curve. If the curve is a cycle, the two ends are
identical, and the curve (if topologically closed) is considered to not have a boundary. The first point is called the start point,
and the last is the end point. Connectivity of the curve is guaranteed by the “continuous image of a line” clause. A topological
theorem states that a continuous image of a connected set is connected.

4118
data type
specification of a value domain with operations allowed on values in this domain

[ISO/TS 19103:2005]

EXAMPLE Integer, Real, Boolean, String, Date (conversion of data into a series of codes).

NOTE Data types include primitive predefined types and user-definable types. All instances of a data type lack identity.
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4.1.19
datum
parameter or set of parameters that define the position of the origin, the scale, and the orientation of a coordinate
system

[1SO 19111:2007]
NOTE A datum may be a geodetic datum, a vertical datum, an engineering datum, an image datum or a temporal datum.
4.1.20

direct position
position described by a single set of coordinates within a coordinate reference system

[ISO 19107:2003]

41.21
domain
well-defined set

[ISO/TS 19103:2005]

NOTE 1 A mathematical function may be defined on this set, i.e. in a function f:A->B, A is the domain of the function f.

NOTE 2 A domain as in domain of discourse refers to a subject or area of interest.

4.1.22
edge
1-dimensional topological primitive

[ISO 19107:2003]

4.1.23
element <XML>
basic information item of an XML document containing child elements, attributes and character data

NOTE From the XML Information Set: “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’ (Gl), and may have a set of attribute specifications. Each attribute
specification has a name and a value.”

4.1.24
exterior
difference between the universe and the closure

[ISO 19107:2003]

4.1.25

face

2-dimensional topological primitive

[ISO 19107:2003]

NOTE The geometric realization of a face is a surface. The boundary of a face is the set of directed edges within the
same topology complex that are associated to the face via the boundary relations. These may be organized as rings.

4.1.26

feature
abstraction of real world phenomena
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[ISO 19101:2002]

NOTE A feature may occur as a type or an instance. The term “feature type” or “feature instance” should be used when
only one is meant.

4.1.27
feature association
relationship that links instances of one feature type with instances of the same or a different feature type

[ISO 19110:2005]

4.1.28

function

rule that associates each element from a domain (source, or domain of the function) to a unique element in
another domain (target, co-domain, or range)

[ISO 19107:2003]

4.1.29
geodetic datum
datum describing the relationship of a 2- or 3-dimensional coordinate system to the Earth

[1ISO 19111:2007]
4.1.30

geometric object
spatial object representing a geometric set

[ISO 19107:2003]

4.1.31
geometric primitive
geometric object representing a single, connected, homogeneous element of space

[ISO 19107:2003]
4.1.32

geometric set
set of direct positions

[ISO 19107:2003]

4.1.33

geometry property <GML>

property of a GML feature that describes some aspect of the geometry of the feature
NOTE The geometry property name is the role of the geometry in relation to the feature.
4.1.34

GML application schema
application schema written in XML Schema in accordance with the rules specified in this International Standard
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4.1.35

GML document

XML document with a root element that is one of the elements AbstractFeature, Dictionary or TopoComplex
specified in the GML schema or any element of a substitution group of any of these elements

4.1.36
GML profile
subset of the GML schema

4.1.37

GML schema

schema components in the XML namespace “http://www.opengis.net/gml/3.2” as specified in this International
Standard

4.1.38

grid

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

[1SO 19123:2005]
NOTE The curves partition a space into grid cells.

4.1.39
interior
set of all direct positions that are on a geometric object but which are not on its boundary

[ISO 19107:2003]

4.1.40
line string
curve composed of straight-line segments

4.1.41
measure <GML>
value described using a numeric amount with a scale or using a scalar reference system

NOTE When used as a noun, measure is a synonym for physical quantity.
4.1.42
measurand

particular quantity subject to measurement

4.1.43

namespace <XML>

collection of names, identified by a URI reference, which are used in XML documents as element names and
attribute names (W3C XML Namespaces)

4.1.44
node
0-dimensional topological primitive

[ISO 19107:2003]

4.1.45
object
entity with a well defined boundary and identity that encapsulates state and behaviour
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[1ISO 19107:2003]
NOTE A GML object is an XML element of a type derived from AbstractGMLType.

4.1.46
observable type
data type to indicate the physical quantity as a result of an observation

4.1.47
point
0-dimensional geometric primitive, representing a position

[1SO 19107:2003]
NOTE The boundary of a point is the empty set.

4.1.48

polygon
planar surface defined by 1 exterior boundary and 0 or more interior boundaries

4.1.49
property <GML>
a child element of a GML object

NOTE 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.

4.1.50
physical quantity
quantity used for the quantitative description of physical phenomena

[1SO 31-0:1992]

NOTE In GML a physical quantity is always a value described using a numeric amount with a scale or using a scalar
reference system. Physical quantity is a synonym for measure when the latter is used as a noun.

4.1.51
range
set of all values a function f can take as its arguments vary over its domain

4.1.52

rectified grid

grid for which there is an affine transformation between the grid coordinates and the coordinates of an external
coordinate reference system

[1SO 19123:2005]

4.1.53

schema

formal description of a model

[1SO 19101:2002]

NOTE In general, a schema is an abstract representation of an object's characteristics and relationship to other objects.

An XML schema represents the relationship between the attributes and elements of an XML object (for example, a document
or a portion of a document)
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4.1.54
schema <XML Schema>
collection of schema components within the same target namespace

EXAMPLE Schema components of W3C XML Schema are types, elements, attributes, groups, etc.

4.1.55
schema document <XML Schema>
XML document containing schema component definitions and declarations

NOTE The W3C XML Schema provides an XML interchange format for schema information. A single schema document
provides descriptions of components associated with a single XML namespace, but several documents may describe
components in the same schema, i.e. the same target namespace.

4.1.56

semantic type

category of objects that share some common characteristics and are thus given an identifying type name in a
particular domain of discourse

4.1.57
sequence
finite, ordered collection of related items (objects or values) that may be repeated

[ISO 19107:2003]

4.1.58
set
unordered collection of related items (objects or values) with no repetition

[ISO 19107:2003]

4.1.59
spatial object
object used for representing a spatial characteristic of a feature

[ISO 19107:2003]

4.1.60
surface
2-dimensional geometric primitive, locally representing a continuous image of a region of a plane

NOTE 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 » “handles”) have no boundary. Such surfaces are
called cycles.

[1ISO 19107:2003]

4.1.61

tag <XML>

markup in an XML document delimiting the content of an element

EXAMPLE <Road>

NOTE 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).
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4.1.62
topological object
spatial object representing spatial characteristics that are invariant under continuous transformations

[ISO 19107:2003]

4.1.63

tuple

ordered list of values

NOTE The number of values in a tuple is immutable.
4.1.64

UML application schema
application schema written in UML in accordance with ISO 19109

4.1.65
Uniform Resource ldentifier (URI)
unique identifier for a resource, structured in conformance with IETF RFC 2396

NOTE The general syntax is <scheme>::<scheme-specific-part>. The hierarchical syntax with a namespace is
<scheme>://<authority><path>?<query> — see RFC 2396.

4.2 Symbols and abbreviated terms

The following symbols and abbreviated terms are used in this document:

CRS Coordinate Reference System
CS Coordinate System
CSv Comma Separated Values
CT Coordinate Transformation
DTD Document Type Definition
EPSG European Petroleum Survey Group
GIS Geographic Information System
GML Geography Markup Language
NOTE The acronym GML was previously used in ISO also as

Generalized Markup Language (which led to SGML, Standard
Generalized Markup Language, ISO 8879).

HTTP Hypertext Transfer Protocol

IETF Internet Engineering Task Force

ISO International Organization for Standardization
OGC Open Geospatial Consortium
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RDF Resource Description Framework

RFC Request for Comments

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

W3C 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

5 Conventions

5.1 XML namespaces

All components of the GML schema are defined in the namespace with the identifier
"http://www.opengis.net/gml/3.2", for which the prefix gml or the default namespace is used within this
International Standard.

All components described by the W3C Xlink Recommendation are defined in the namespace with the identifier
"http://www.w3.0rg/1999/xlink", for which the prefix xlink is used within this International Standard.

NOTE The schema components in both namespaces are documented in XML Schema documents in Annex C.

5.2 Versioning

Each schema document specifying components of the GML schema shall carry a version attribute as defined in
the XML Schema Recommendation. The format of the version attribute string is x.y.z where x denotes the major

version number, y denotes a minor version number and z denotes a bug fix release for that document. The
version described by this International Standard is 3.2.1.
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NOTE This is the first version of GML as an International Standard. Previous versions of GML have been developed and
published by the Open Geospatial Consortium (OGC).

5.3 Deprecated parts of previous versions of GML

The verb “deprecate” provides notice that the referenced portion of this International Standard is being retained
for backwards compatibility with earlier versions but may be removed from a future version without further notice.

Sections of this International Standard that describe or refer to deprecated GML components are written in Jitalics.

NOTE 1 This International Standard is published by the Open Geospatial Consortium as GML 3.2.1, the previous adopted
version of GML in the Open Geospatial Consortium was 3.1.1.

NOTE 2  All schema components that were part of version 2.1 of GML but were deprecated in version 3.0 of GML have
been removed and are not supported by this International Standard.

5.4 UML notation

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

Association between classes

Association name

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

Aggregation between classes
Aggregate

Class Inheritance (subtyping of classes)

class Superclass
| [ | |
C((;Jlranspso £1ent C&rggsogg nt C&g'spsogﬁ it Subclass #1| |Subclass #2 Subclass #n

Figure 1 — UML notation

In this International Standard, the following stereotypes of UML class are used:

<<DataType>> is a set of properties that lack identity (independent existence and the possibility of side
effects). A DataType is a class with no operations whose primary purpose is to hold the information.
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— <<Union>> is a set of properties. The semantics is that only one of the properties may be present at any time.
— <<FeatureType>> is a feature as defined in ISO 19109.
— <<CodelList>> is a flexible enumeration that uses string values for expressing a list of potential values.

— <<Enumeration>> is a fixed list of valid identifiers of named literal values. Attributes of an enumerated type
may only take values from this list.

— <<Abstract>> is an abstract object type (the stereotype is used in addition to formatting the class name in
italics).

— <<Type>> is a set of abstract attributes and associations. Abstract means that their specification does not
imply that they have to be concretely implemented as instance variables.

In this International Standard, the following standard data types are used:

— CharacterString — A sequence of characters (in general this data type is mapped to “string” in XML Schema).
— Integer — An integer number (in general this data type is mapped to “integer” in XML Schema).

— Real — A floating point number (in general this data type is mapped to “double” in XML Schema).

— 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 International Standard 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
International Standard is not intended to serve as an introduction to XML Schema. In order to have a full

understanding of this International Standard it is necessary for the reader to have a reasonable knowledge of XML
Schema.

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 19100 series of
International Standards and the OpenGIS Abstract Specification in conformance with these standards and
specifications.

The relevant conceptual models include those defined in:

— ISO/TS 19103 — Conceptual schema language (units of measure, basic types);

— 1S0O 19107 — Spatial schema (spatial geometry and topology);

— 1S0 19108 — Temporal schema (temporal geometry and topology, temporal reference systems);

— 1S0O 19109 — Rules for application schemas (features);

16 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.



OGC 07-036r1

— 1S0O 19111 — Spatial referencing by coordinates (coordinate reference systems);
— 1S0 19123 — Schema for coverage geometry and functions (coverages, grids).

In many cases, the mapping from the conceptual classes to XML is straightforward, while in some cases the
mapping is more complex. For both cases, the mapping is documented in detail in Annex D.

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. Examples include moving objects, simple
observations or value objects. Additional conceptual classes corresponding to these extensions are also specified
in Annex D.

The GML schema comprises the components (XML elements, attributes, simple types, complex types, attribute
groups, groups, etc.) that are described in this International Standard. The XML encoding conforms to ISO 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.

— 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 International Standard. 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,
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 of
the ISO 19100 series of International Standards. However, the following reasons are examples where it may be
justified to apply the first approach:

— Additional capabilities of the GML schema may be required in addition to the capabilities that are accessible
by using the encoding rules specified in Annex E.

— Only an XML representation may be required and the application schema may be relatively simple, so the
use of a conceptual schema language may be considered an unjustified overhead.

— The application may need a more optimized or compact XML encoding than the one that is the result of the
encoding rules specified in Annex E.

NOTE Annex F provides rules for mapping a GML application schema to an ISO 19109 conformant Application Schema
in UML.
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In both cases, GML application schemas conformant with this International Standard shall use all of the applicable
GML schema components, either directly or by specialization, and are valid in accordance with the rules for XML
Schema. How the GML application schemas were produced is not relevant for conformance to the requirements
of this International Standard.

6.3 Relationship between the ISO 19100 series of International Standards, the GML schema
and GML application schemas

The approach taken by this International Standard is shown in Figure 2. The two main aspects are:

— Clear documentation of the conceptual model of GML: The profile of the ISO 19100 series of International
Standards that is implemented by GML is documented as well as the extensions to this profile.

— Support for application schema development either in UML or XML Schema: In order to achieve this two-way
mapping between UML (i.e. ISO 19109 conformant application schemas in UML) and XML Schema (i.e. GML
application schemas in XML Schema) the constructs used in both representations have been limited. While
this reduces the expressiveness of the schema descriptions to some extent, this also reduces their
complexity and may make them easier to implement.

NOTE While the mapping from UML to XML Schema is discussed in ISO 19118, Annex A, the reverse mapping is not
discussed in any other standard in the ISO 19100 series of International Standards.

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 GML application schema

mapping rules (ISO 19136 Annex E and encoding rules
(ISO 19136 Annex D) ISO 19118) (1SO 19136 Annex F)

T ] [ =

imports
v v

GML schema GML application schema

(XML Schema) | € (XML Schema)

Figure 2 — Relationship between the ISO 19100 series of International Standards and ISO 19136/GML
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6.4 Organization of this International Standard

GML defines the various entities such as features, geometries, topologies etc. through a hierarchy of GML object
types. The mapping between GML object types and classes in the conceptual model of the ISO 19100 series of
International Standards and the OGC Abstract Specification is shown in Table D.2. The normative GML schema is
organized around these object types.

Subclause 7.2 describes basic schema components of GML. It defines the root object, gml : AbstractObject,
and the root of the GML class hierarchy, gml : AbstractGML.

Subclause 8.1 describes the Xlink schema. This schema is an OGC implementation of the XLink specification
using XML Schema. It may be replaced in some future release by an equivalent schema from the W3C.

NOTE 1 Within this International Standard 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 gml :AbstractFeature and some derived
components.

Clause 10, 10.510 and Clause11 describe the geometry schema components that define
gml :AbstractGeometry, gml:AbstractGeometricPrimitive, gml:AbstractGeometricAggregate,
gml : GeometricComplex and some derived components.

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 :AbstractTimeTopologyPrimitive, gml:AbstractTimeComplex and derived components as well as
gml:DynamicFeature and derived components.

Clause 15 describes the schema components for definitions and dictionaries including gml :Definition and
gml:Dictionary.

Clause 16 describes the schema components for the construction of units of measure (gml:UnitDefinition
and derived components), measures and value objects (gml:AbstractValue, gml:AbstractScalarValue,
gml:AbstractScalarValuelList and derived components).

Clause 17 describes the schema components for the description of direction.

Clause 18 describes the schema components for simple observations (gml:Observation and derived
components).

Clause 19 describes the schema components for grids and coverages. This describes gml:Grid,
gml :AbstractCoverage, gml:AbstractDiscreteCoverage, gml:AbstractContinuousCoverage and
derived components.
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These clauses describe the normative GML schema and explain their contents, structure and dependencies.

The representation of the GML schema presented in this International Standard uses the XML interchange format
provided by W3C XML Schema. The descriptions of the set of components are factored into schema documents,
where each document gathers together components that correspond broadly to the classification shown in
Figure 2. However, while the XML representation of each GML schema component in this International Standard
is normative, the packaging into schema documents is not. Clause 20 (profiles) and Annex G (subsetting)
describe principles and methods for alternative packaging of the XML representation of GML schema components.

All components defined or declared in this International Standard use the same target namespace of
http://www.opengis.net/gmi/3.2.

NOTE 2 XML namespaces provide a mechanism for avoiding ambiguity arising from name clashes within XML documents.
All components described in a single schema document are in a single target namespace, but more than one schema
document may describe components in a namespace. Within the XML development community there are precedents for
assigning either one or several namespaces to a set of schema components for a single application. The use of a single
namespace for GML schema components is consistent with the non-normative factoring of the XML representation of GML
components between schema documents.

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.

7 GML schema — General rules and base schema components

7.1 GML model and syntax
7.1.1 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 encoded
as XML elements with the name of the object type.

Each feature attribute and feature association role is a property of a feature. Feature properties are encoded in an
XML element.

NOTE 1 The term "attribute" in XML refers to a specific syntactic component in XML documents, so to avoid confusion
when describing the XML encoding, GML follows RDF (W3C, 1999) terminology and uses the term property rather than
attribute or association role. The General Feature Model (ISO 19109) also uses the term "property" as a generalization for

"attribute", "association role" or "operation".

Furthermore, the property semantics, which is indicated by the name of the element representing the property, is
distinguished from the property value, which is given by the content of the property element. A property element
may contain its value as content encoded inline, or reference its value with a simple XLink. The value of a
property may be simple, or it may be a feature or other complex object. When recorded inline, the value of a
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simple property is recorded as a literal value with no embedded markup (text), while if the value is complex it
appears as a subtree using XML markup (i.e. an XML element with sub-structure).

NOTE 2 The GML model has a straightforward representation using the UML profile used in the 1SO 19100 series of
International Standards (defined in ISO/TS 19103). This is described in detail in AnnexD and Annex E, but can be
summarized approximately and briefly as follows.

Features are represented

— in UML by objects, where the name of the feature type is used as the name of the object class;

— in GML instances by XML elements, where the name of the feature type is used as the name of the element.
Feature properties are represented

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

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

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 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 may outlive the common use of W3C XML Schema language.

7.1.2 Lexical conventions

There are several lexical conventions used in the GML schema for the names of elements and complex types to
assist in human comprehension of GML instances and schemas:

— objects are instantiated as XML elements with a conceptually meaningful name in UpperCamelCase;
— properties are instantiated as XML elements whose name is in lowerCamelCase;

— abstract elements have a prefix “Abstract” (objects) or “abstract” (properties) prepended to their name;
— the names of XML Schema complex types are in UpperCamelCase ending in the word “Type”;

— abstract XML Schema complex types have the word “Abstract” prepended.
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It is strongly recommended to follow these conventions also in GML application schemas. The rules are only
applicable in languages that distinguish between upper and lower case.

NOTE UpperCamelCase is a naming convention in which a name is formed of multiple words that are joined together as
a single word with the first letter of each of the multiple words capitalized within the new word that forms the name.
lowerCamelCase is a variation in which the first letter of the new word is lower case, allowing it to be easily distinguished from
an UpperCamelCase name.

7.1.3 XML Schema definition of GML language

The GML schema consists of W3C XML Schema components that define types and declare
— XML elements to encode GML objects with identity,

— XML elements to encode GML properties of those objects, and

— XML attributes qualifying those properties.

A GML object is an XML element of a type derived directly or indirectly from gml : AbstractGMLType. From this
derivation, a GML object may have a gm1 : id attribute.

A GML property shall not be derived from gml :AbstractGMLType, shall not have a gml:id attribute, or any
other attribute 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 gm1:1id
XML attribute.

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

7.2 gmiBase schema components

7.2.1 Goals of base schema components

The gmiBase 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,
— components for associating metadata with GML objects,

— components for constructing definitions and dictionaries.

NOTE The corresponding schema document in Annex C is identified by the following location-independent name (using
URN syntax):
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urn:x-ogc:specification:gml:schema-xsd:gmiBase:3.2.1
7.2.2 Base objects
7.2.21  AbstractObject
An abstract convenience element gml : AbstractObject is declared as follows:

<element name="AbstractObject" abstract="true"/>

This element has no type defined, and is therefore implicitly (in accordance with the rules of W3C XML Schema)
an XML Schema anyType. It is used as the head of an XML Schema substitution group which unifies complex
content and certain simple content elements used for datatypes in GML, including the gml:AbstractGML
substitution group.

NOTE gml:AbstractObject is defined primarily to act as a variable in certain aggregate patterns where it is necessary
to allow either elements in the gml : AbstractGML substitution group, or certain complex content or simple content elements
to be valid in an instance.

A GML dataset (also called a data instance or data document) is represented by an object element. This object
may in turn be a collection of GML objects.

7.2.2.2 AbstractGML, AbstractGMLType
The most basic components for representations of identifiable objects are described in the schema as follows:

<element name="AbstractGML" type="gml:AbstractGMLType" abstract="true" substitutionGroup="gml:AbstractObject"/>

<complexType name="AbstractGMLType" abstract="true">
<sequence>
<group ref="gml:StandardObjectProperties"/>
</sequence>
<attribute ref="gml:id"/>
</complexType>

<group name="StandardObjectProperties">
<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" minOccurs="0"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
</group>

The abstract element gml :AbstractGML 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 : AbstractGML 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 gml:AbstractObject, gml:AbstractGML,
gml :AbstractFeature, gml:AbstractValue, gml:AbstractCoverage, gml:AbstractTopology and
gml:AbstractCRS. These other generic elements representing objects are defined elsewhere in this
International Standard.
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The child XML elements and XML attributes of a GML object are properties of that object. Thus an object
represented by an gml:AbstractGML element has five non-deprecated properties: gml:identifier,
gml:description, gml:descriptionReference, gml:name and gml:id. These are described in 7.2.4.

NOTE The group gml:StandardObjectProperties is provided for convenience in the construction of application
schema, particularly when it is desired to define types derived by restriction from gml:AbstractGMLType and
gml:AbstractFeatureType. Derivation by restriction requires that all components that are used unchanged are copied
down into the new type definition. As an alternative to including element declarations for all the standard object properties, a
one line reference to gml : StandardObjectProperties may be used instead:

<group ref="gml:StandardObjectProperties"/>
7.2.3 GML properties
7.2.31 Introduction

The term “property” is used to refer to a GML property, which is any characteristic of a GML object. An element in
a GML document or data stream is a GML property if and only if it is a child element of a GML object element.
The meaning of each property shall be indicated by the name of the element that instantiates it.

GML objects may have an unlimited number of properties, in addition to those inherited from
gml :AbstractGMLType. A property may be defined to have either simple or complex content. A property with
simple content has an XML Schema simple content type, as illustrated by the case of the standard property
elements gml :description and gml:name. A property with complex content has an XML Schema complex

content type.
Property elements may use two modes:

— inline: the value of the property is represented directly, as the content of the property element. This method is
used by the standard property gml : name and may be used for gml :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 See 8.1 for examples on the use of xlink references.

NOTE The roles of feature associations as defined in 1SO 19109 (General Feature Model) and OpenGIS Abstract
Specification Topic 8 can be represented in several ways in a GML application schema:

— 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.

— 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 associations with properties to
be modelled.

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

XLink components are the standard method to support hypertext referencing in XML. An XML Schema attribute
group, gml:AssociationAttributeGroup, is provided to support the use of Xlinks as the method for
indicating the value of a property by reference in a uniform manner in GML. This attribute group is defined as
follows:

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

</attributeGroup>

with the following definitions from Xlink (see 8.1):

<attributeGroup name="simpleLink">
<attribute name="type" type="string" fixed="simple" form="qualified"/>
<attribute ref="xlink:href"/>
<attribute ref="xlink:role"/>
<attribute ref="xlink:arcrole"/>
<attribute ref="xlink:title"/>
<attribute ref="xlink:show"/>
<attribute ref="xlink:actuate"/>
</attributeGroup>

The value of a GML property that carries an x1ink:href attribute is the resource returned by traversing the link.
The nilReason attribute may be used in a property element that is nillable to indicate a reason for a nil value.
NOTE All components in the attribute group are optional.

7.2.3.3 abstractAssociationRole, AssociationRoleType

To support the encoding of properties that may have complex content, a basic pattern for property elements is
provided in the GML schema as follows:

<element name="abstractAssociationRole" type="gml:AssociationRoleType" abstract="true"/>

<complexType name="AssociationRoleType">
<sequence 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

— the inline object to specified object types,

— the encoding to "by reference only“ (see 7.2.3.7),

— the encoding to "inline only“ (see 7.2.3.8).
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NOTE 1 The declaration of gml: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
shall 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 gm1 : member property (see 7.2.3.10). Note also that this property has been deprecated.

7.2.3.4 Inline or by reference?

The any element in the content model for properties is optional. In combination with the component cardinalities
in gml:AssociationAttributeGroup this means that an element of this type may have a content element or
xlink attributes. GML property elements which follow this pattern may be used to attach values either inline or by-
reference.

EXAMPLE A utility property provided for features is “centerOf’. This may be used to indicate a spatial location inline as
follows:

<gml:centerOf>
<gml:Point gml:id="point96" srsName="http://www.opengis.net/def/crs/EPSG/0/4326">
<gml:pos>-31.936 15.834</gml:pos>
</gml:Point>
</gml:centerOf>

which uses the gml : Point object as defined in the GML geometry schemas (described in 10.2). The same property element
may be used to indicate a location by reference as follows:

<gml:centerOf xlink:href="http://my.big.org/locations/point53"/>

where “http://my.big.org/location/point53” identifies a point (a gm1 : Point element) supplied by the service indicated.

However, a property element following this pattern may have no content or attributes, or it may have both content
and attributes, and still be XML Schema-valid. It is not possible to constrain the co-occurrence of content or
attributes, so it is not possible to use W3C XML Schema to restrict a property to be either inline or by-reference
only.

If both a link and content are present in an instance of a property element, then the object found by traversing the
xlink:href link shall be the normative value of the property. The object included as content shall be used by
the data recipient only if the remote instance cannot be resolved; this may be considered to be a "cached" version
of the object.

NOTE Most GML-Object-valued properties in the GML schema can be encoded either inline or by-reference. However,
using a GML profile (see Clause 20) it is possible to restrict the usage to “inline only” 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:

<attributeGroup name="OwnershipAttributeGroup">
<attribute name="owns" type="boolean" default="false"/>
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</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="p123">
<hasOwner xlink:href="urn:x-abc:id: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. However, if a property is encoded with an attribute owns="true”, for example

<Car gml:id="c123">
<hasParts owns="true” xlink:href="urn:x-abc:id:x123"/>
<l ... -->

</Car>
then the referenced object is “owned” by the car feature, i.e. the part will be deleted, if the car is deleted.
7.2.3.6 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 (see ISO/IEC 19757-3). The abstract,
global elements gml :abstractAssociationRole and gml:abstractStrictAssociationRole both use
gml:AssociationRoleType, but the following schema fragments shows how an element declaration may
accompanied by a Schematron constraint to limit the property to act in either inline or by-reference mode, but not
both.

<element name="abstractAssociationRole" type="gml:AssociationRoleType" abstract="true"/>
<element name="abstractStrictAssociationRole" type="gml:AssociationRoleType" abstract="true"/>

<sch:schema xmins:sch="http://purl.oclc.org/dsdl/schematron" xmins:gmI="http://www.opengis.net/gml|/3.2"
xmins:xlink="http://www.w3.0rg/1999/xlink" xml:lang="en">
<sch:titte>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:ns prefix="xlink" uri="http://www.w3.0rg/1999/xlink"/>
<sch:pattern>
<sch:rule context="gml:abstractStrictAssociationRole">
<sch:assert test="not(@xlink:href and (*|text()))">Property element may not carry both a reference to an object
and contain an object.</sch:assert>
<sch:assert test="@xlink:href | (*|text())">Property element shall either carry a reference to an object or contain
an object.</sch:assert>
</sch:rule>
</sch:pattern>
</sch:schema>

NOTE Some XML validators will process the Schematron constraints automatically. Otherwise, the Schematron code

may be treated merely as a formal description of the required constraint. It is included here primarily as an illustration of how
this might 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:

Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved. 27



OGC 07-036r1

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

<complexType name="ReferenceType">
<sequence/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<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 shall use a “by-reference only” encoding.

7.2.3.8 abstractinlineProperty, InlinePropertyType

In order to support the encoding of properties whose value is provided inline, the following components are
provided:

<element name="abstractInlineProperty" type="gml:InlineProperty Type" abstract="true"/>

<complexType name="InlineProperty Type">
<sequence>
<any namespace="##any"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

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

7.2.3.9 Properties representing the same relationship

If the value of an object property is another object and that object contains also a property for the association
between the two objects, then this name of the reverse property may be encoded in a
gml:reversePropertyName element in an appinfo annotation of the property element to document the
constraint between the two properties. The value of the element shall contain the qualified name of the property
element.

<element name="reversePropertyName" type="string"/>

EXAMPLE

<element name="owner" type="ex:PersonPropertyType" minOccurs="0">
<annotation>
<appinfo>
<gml:reversePropertyName>ex:owns</gml:reversePropertyName>
</appinfo>
</annotation>
</element>

<complexType name="PersonPropertyType">
<sequence minOccurs="0">
<element ref="ex:Person"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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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:Integer>5</gml:Integer> is used instead of, for example, <gml:Integer> <gml:value>5</gml:value>
</gml:Integer>.

7.2.4 Standard properties of GML objects
7.241 Derivation from AbstractGMLType
XML Schema types for all GML objects derive directly or indirectly from gml:AbstractGMLType. 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

The value of this property is a text description of the object. gml:description uses gml:StringOrRefType
(see 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).

7.2.4.3 descriptionReference

The value of this property is a remote text description of the object. The xlink:href attribute of the
gml :descriptionReference property references the external description.

<element name="descriptionReference" type="gml:ReferenceType"/>
7.2.4.4 name, identifier
The gml : name property provides a label or identifier for the object, commonly a descriptive name.

An object may have several names, typically assigned by different authorities. gml:name uses the
gml:CodeType content model. The authority for a name is indicated by the value of its (optional) codeSpace
attribute. The name may or may not be unique, as determined by the rules of the organization responsible for the
codeSpace. In common usage there will be one name per authority, so a processing application may select the
name from the codeSpace that it prefers.

<element name="name" type="gml:CodeType"/>

Often, a special identifier is assigned to an object by the authority that maintains the feature with the intention that
it is used in references to the object. For such cases, the codesSpace shall be provided. That identifier is usually
unique either globally or within an application domain. gml:identifier is a predefined property for such
identifiers.

EXAMPLE UUIDs and URNs are commonly used globally unique identifiers.

<element name="identifier" type="gml:CodeWithAuthorityType"/>
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7245 id

The attribute gml : id supports provision of a handle for the XML element representing a GML object. Its use is
recommended for all GML objects. In particular, all GML objects that are intended to be referenced should carry
an attribute gm1 : id. For some GML object types, the attribute gm1 : id is mandatory.

<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.

<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 See gml:DictionaryEntryType in 15.2.3 for such a property type.

By default, this abstract property type does not imply any ownership of the objects in the collection. The owns
attribute of gm1 : OwnershipAttributeGroup may be used on a property element instance to assert ownership
of an object in the collection. A collection shall not own an object already owned by another object.

7.2.5.2 GML object collections, AggregationAttributeGroup

A GML object collection is any gml:AbstractObject with a property element in its content model whose
content model is derived by extension from gml : AbstractMemberType.

EXAMPLE gml:Dictionary is a GML object collection, because the content model of property
gml:dictionaryEntry specified in 15.2.3 is derived by extension from gml : AbstractMemberType.

In addition, the complex type describing the content model of the GML object collection may also include a
reference to the attribute group gml : AggregationAttributeGroup to provide additional information about the
semantics of the object collection. This information may be used by applications to group GML objects, and
optionally to order and index them.

<attributeGroup name="AggregationAttributeGroup">
<attribute name="aggregationType" type="gml:AggregationType"/>
</attributeGroup>

The allowed values for the aggregationType attribute are defined by gml:AggregationType. See 8.4 of
ISO/IEC 11404:1996 for the meaning of the values in the enumeration.
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<simpleType name="AggregationType" final="#all">
<restriction base="string">
<enumeration value="set"/>
<enumeration value="bag"/>
<enumeration value="sequence"/>
<enumeration value="array"/>
<enumeration value="record"/>
<enumeration value="table"/>
</restriction>
</simpleType>

NOTE 1 If a collection of aggregation type “array” is implemented in an application schema, then the array type in the
application schema needs to model the additional information to cope with indexing.

NOTE 2 If a collection of aggregation type “table” is implemented in an application schema, then the table type in the
application schema needs to model the additional information to add the required information about the fields and their
structure.

7.2.6 Metadata

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

The property type derived from gml:AbstractMetadataPropertyType 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 metadata information.

EXAMPLE 1 Assume that a feature type "Road" can be associated with two metadata elements, a data quality property
"horizontalAbsolutAccuracy" and a generic ISO/TS 19139 "metadata” property.

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

<complexType name="RoadType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<l >
<element name="roadMetadata" type="ex:RoadMetadataPropertyType"/>
<l-- .. -->
</sequence>
</extension>
</complexContent>
</complexType>

Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved. 31



OGC 07-036r1

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

<complexType name="RoadMetadataType">
<complexContent>
<extension base="gmx:AbstractObjectMetadata_Type">
<sequence>
<element name="horizontalAbsoluteAccuracy" minOccurs="0"
type="gmd:DQ_AbsoluteExternalPositionalAccuracy_PropertyType"/>
<element name="metadata" minOccurs="0" type="gmd:MD_Metadata_PropertyType"/>
</sequence>
</extension>
</complexContent>
</complexType>

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

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

<ex:Road>
<l >
<ex:roadMetadata>
<ex:RoadMetadata>
<ex:horizontalAbsoluteAccuracy>
<gmd:DQ_AbsoluteExternalPositionalAccuracy>
<l-- The DQ_Element subelements are not detailed -->
</gmd:DQ_AbsoluteExternalPositionalAccuracy>
</ex:horizontalAbsoluteAccuracy>
<ex:metadata>
<gmd:MD_Metadata>
<l-a full set of ISO/TS 19139 metadata elements -->
</gmd:MD_Metadata>
</ex:metadata>
</ex:RoadMetadata>
</ex:roadMetadata>
<l >

</myAs:Road>
An alternative encoding representing the metadata properties as separate properties of the feature would be:

<complexType name="RoadType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<l >
<element name="horizontalAbsoluteAccuracy" minOccurs="0">
<complexType>
<complexContent>
<extension base="gml:AbstractMetadataPropertyType">
<sequence>
<element ref="gmd:DQ_AbsoluteExternalPositionalAccuracy"/>
</sequence>
</extension>
</complexContent>
</complexType>
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</element>
<l >
<element name="metadata" minOccurs="0">
<complexType>
<complexContent>
<extension base="gml:AbstractMetadataProperty Type">
<sequence>
<element ref="gmd:MD_Metadata"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>
<l >
</sequence>
</extension>
</complexContent>
</complexType>

The instance example would then look like this:

<ex:Road>
<l--..-->
<ex:horizontalAbsoluteAccuracy>
<gmd:DQ_AbsoluteExternalPositionalAccuracy>
<l-- The DQ_Element subelements are not detailed here -->
</gmd:DQ_AbsoluteExternalPositionalAccuracy>
</ex:horizontalAbsoluteAccuracy>
<l-- .. -->
<ex:metadata>
<gmd:MD_Metadata>
<l-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/" schemaLocation="http://schemas.opengis.net/csw/2.0.0/rec-
dcterms.xsd"/>

<complexType name="DatasetType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<l >
<element name="generalMetadata" type="ex:DublinCoreMetadataProperty Type"/>
<l-- .. -->
</sequence>
</extension>
</complexContent>
</complexType>

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

<element name="DublinCoreMetadata">
<complexType name="DublinCoreMetadataType">
<sequence>
<group ref="dct:DCMI-terms" xmIns:dct="http://www.purl.org/dc/terms/"/>
</sequence>
</complexType>
</element>

An instance example could look like this:

<ex:Dataset>
<. -->
<ex:generalMetadata>
<ex:DublinCoreMetadata>
<dc:title>Vector Smart Map Level O</dc:title>
<dct:abstract>Vector Map: a general purpose database design to support GIS applications</dct:abstract>
<dc:publisher>US National Geospatial-Intelligence Agency</dc:publisher>
<dc:format>VPF</dc:format>
<dc:coverage>world</dc:coverage>
<dc:language>en</dc:language>
<l-- -->
</ex:DublinCoreMetadata>

</ex:generalMetadata>
<l >

</ex:Dataset>

8 GML schema — Xlinks and basic types

8.1 Xlinks — Object associations and remote properties

The normative Xlink specification is available from W3C.

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

Xlink components are used in GML to implement associations between objects by reference. GML property
elements (see 7.2.3) may carry Xlink 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:href 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

xlink:role description of the nature of the target resource, given as a URI

xlink:arcrole description of the role or purpose of the target resource in relation to the present
resource, given as a URI

xlink:title description of the association or the target resource, given as text
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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 URI, followed by fragment
identifier that consists of a crosshatch ("#") and additional reference information. For GML object properties and
remote associations, this additional reference information shall be one of the following:

— a shorthand (formerly called "barename") XPointer [XPointer Framework] consisting of the value of the gml:id
attribute of a GML object, or

— an element() scheme based XPointer [XPointer element()], or

— an xpointer() scheme based XPointer [XPointer xpointer()] containing an XPath [XPath] expression that
selects a GML object, optionally preceded by one or more xmins() scheme based XPointer(s) [XPointer
xmins()] that define the namespace prefixes used in the XPath expression.

A URI that does not contain an absolute or relative URI, but that consists entirely of a fragment identifier, refers to
a GML object elsewhere in the same GML document.

Absolute and relative URIs may include a query component that consists of a question mark ("?") followed by a
query to be interpreted by the resource. For GML object properties and remote associations, any such query shall
be a request to a service that returns a GML object. The URI containing such a query may or may not make use
of a fragment identifier, depending on the request syntax defined by the service.

In the GML schema, simple Xlinks are used exclusively to denote association roles of GML objects and to denote
remotely referenced property values.

EXAMPLE 1 A reference to an object element in the same GML document may be encoded as:
<myProperty xlink:href="#01"/>

EXAMPLE 2 A reference to an object element in a remote XML document using the gml:id value of that object may be
encoded as:

<myProperty xlink:href="http://my.big.org/test.xml#o1"/>

EXAMPLE 3 A reference to an object element in a remote XML document (or GML object repository) using the
gml:identifier property value of that object may be encoded as:

<myProperty xlink:href="http://my.big.org/test.xml#element
(//gml:GeodeticCRS]./gml:identifier[@codeSpace="http://www.opengis.net/def/crs/EPSG/0/"]="4326"])"/>

EXAMPLE 4 A reference to an object element with a uniform resource name may be encoded as follows (note 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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8.2 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

— new simple types by restriction and combination of the built-in types, and
— complex types, with simple content, but which also have XML attributes.

In many places where a suitable built-in simple type is not available, simple content types derived using the XML
Schema mechanisms are used for the representation of data types in GML.

A set of these simple content types that are required by several GML components are defined in the basicTypes
schema, as well as some elements based on them. These are primarily based around components needed to
record amounts, counts, flags and terms, together with support for exceptions or null values.

NOTE The basic types and elements are described in the basicTypes schema document in Annex C. The schema is
identified by the following location-independent name (using URN syntax):

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

8.2.2 Relationship with ISO/TS 19103

ISO/TS 19103 defines basic types for the conceptual schemas in the ISO 19100 series of International Standards.
GML implements a subset of these basic types as described in D.2.2.

NOTE Some of the ISO/TS 19103 basic types are specified in other schema documents of the GML schema: units of
measure are specified in Clause 16 and vector in 10.1.4.5.

8.2.3 Simple types
8.2.31 NilReasonType

gml :NilReasonType defines a content model that allows recording of an explanation for a void value or other
exception.

<simpleType name="NilReasonEnumeration">
<union>
<simpleType>
<restriction base="string">
<enumeration value="inapplicable"/>
<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>
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<simpleType name="NilReasonType">
<union memberTypes="gml:NilReasonEnumeration anyURI"/>
</simpleType>

gml :NilReasonType is a union of the following enumerated values:
— "inapplicable": there is no value

— "missing": the correct value is not readily available to the sender of this data. Furthermore, a correct value
may not exist

— "template™: the value will be available later

— "unknown": the correct value is not known to, and not computable by, the sender of this data. However, a
correct value probably exists

— "withheld": the value is not divulged

— "other:"+text: other brief explanation, where text is a string of two or more characters with no included
spaces

and
— anyURI which should refer to a resource which describes the reason for the exception
A particular community may choose to assign more detailed semantics to the standard values provided.
Alternatively, the URI method enables a specific or more complete explanation for the absence of a value to be
provided elsewhere and indicated by-reference in an instance document.
gml:NilReasonType is used as a member of a union in a number of simple content types defined below (see
8.2.34, 8241, 8.24.2, 8.2.4.3) where it is necessary to permit a value from the NilReasonType union as an
alternative to the primary type.
8.2.3.2 Elements declared to be “nillable”
The XML Schema attribute nillable may be included in any element declaration within a schema.
NOTE By default the schema attribute ni11able has a value of “false”.
EXAMPLE 1 The following element declarations illustrate the use of the nillable attribute:

<element name="amount” type="double” nillable="true”"/>

<element ref="my:amount” nillable="true”/>

By declaring an element as nillable (nillable="true"), an instance of that element may omit its content in
cases where an empty value would normally not be schema valid by supplying an attribute ni1 from the XML
Schema Instance namespace with the value “true”.

EXAMPLE 2 Elements that have been declared with this nillable="true" in the schema may appear in instance
documents as follows:

<my:amount>34.567</my:amount>
<my:amount xsi:nil="true”/>
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Declaring an element to be nil is an implementation of the “Void” data type of ISO/IEC 11404, i.e. represents “an
object whose presence is syntactically or semantically required, but carries no information in a given instance”
[ISO/IEC 11404].

NOTE This is different to an element declaration with the cardinality attribute set to make the element optional, such as:
<element name="amount” type="double” minOccurs="0"/>
which allows the element to be omitted in the instance entirely.

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 The application schema components

<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>

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

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

In the GML schema and in GML application schemas, the “nillable” and “nilReason” construction may be used on
elements representing GML properties (see 7.2.3). This allows properties that are part of the content of objects
and features in GML and GML application languages to be declared to be mandatory, while still permitting them to
appear in an instance document with no value.

NOTE Both simple content and complex content elements may be declared as nillable, so this construction allows a
uniform syntax for properties with void values.

8.2.3.3 SignType

gml:SignType is a convenience type with values “+” (plus) and “-” (minus).

<simpleType name="SignType">
<restriction base="string">
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<enumeration value="-"/>

<enumeration value="+"/>
</restriction>
</simpleType>

NOTE Elements or attributes of this type are used in various places, e.g. to indicate the direction of topological objects

with "+" for forwards, or "-" for backwards.

8.2.3.4 booleanOrNilReason, doubleOrNilReason, integerOrNilReason, NameOrNilReason,
stringOrNilReason

The types gml :booleanOrNilReason, gml:doubleOrNilReason, gml:integerOrNilReason,
gml :NameOrNilReason, 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">

<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>
<extension base="string">
<attribute name="codeSpace" type="anyURI"/>
</extension>
</simpleContent>
</complexType>

It adds an XML 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 gmlIBase schema contains an element declaration using this type (see 8.2.3.5):
<element name="name" type="gml:CodeType"/>
so a corresponding element might appear in an instance document as follows :

<gml:name codeSpace = “http://www.ukusa.gov/placenames”>St Paul</gml:name>
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In this example “St Paul” is asserted to be a meaningful name in accordance with http://www.ukusa.gov/placenames. 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 codesSpace attribute is provided in an
instance.

<complexType name="CodeWithAuthorityType">
<simpleContent>
<restriction base="gml:CodeType">
<attribute name="codeSpace" type="anyURI" use="required"/>
</restriction>
</simpleContent>
</complexType>

8.2.3.6 MeasureType, Uomldentifier

gml :MeasureType supports recording an amount encoded as a value of XML Schema double, together with a
units of measure indicated 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 :MeasureType is defined as follows:

<complexType name="MeasureType">
<simpleContent>
<extension base="double">
<attribute name="uom" type="gml:Uomldentifier" use="required"/>
</extension>
</simpleContent>
</complexType>
EXAMPLE An application schema may contain an element declaration using this type

<element name = “height” type = “gml:MeasureType”/>
Elements corresponding to this might appear in an 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.

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="Uomldentifier">
<union memberTypes="gml:UomSymbol gml:UomURI"/>
</simpleType>

The first member of the union type, gml : UomSymbol, is defined as follows:

<simpleType name="UomSymbol">
<restriction base="string">
<pattern value="[": \n\n\t]+"/>
</restriction>
</simpleType>
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This type specifies a character string of length at least one, and restricted such that it must not contain any of the
following characters: “:” (colon), “” (space), (new line), (carriage return), (tab). This allows values corresponding to

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

NOTE It is recommended that the symbol be an identifier for a unit of measure as specified in the “Unified Code of Units
of Measure” (UCUM) (http://aurora.regenstrief.org/UCUM). This provides a set of symbols and a grammar for constructing
identifiers for units of measure that are unique, and may be easily 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 modifications to remove ambiguities and other problems.

The second member of the union type, gml : UomURT, is defined as follows:

<simpleType name="UomURI">
<restriction base="anyURI">
<pattern value="([a-zA-Z][a-zA-ZO0-O\-\+\.]*:|\.\./|\./|#).*"/>
</restriction>
</simpleType>

This type specifies a URI, restricted such that it must start with one of the following sequences: “#”, “./”, “../”, 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 that could be mistaken for unit of measure symbol®).
NOTE It is possible to re-write such a relative URI to conform to the restriction (e.g. “./m/s”).

In an instance document, on elements of type gml :MeasureType the mandatory uom attribute shall carry a value
corresponding to either

— a conventional unit of measure symbol,

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

GML components for the latter purpose are defined in 16.2.
8.2.3.7 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) e.g.“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:

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 based on the XML Schema string type, gml :CoordinatesType may be used in the construction of
tables of tuples or arrays of tuples, including ones that contain mixed text and numeric values.

EXAMPLE <my:tupleList>bettong,357.,2.3 skink,140.,0.75 wombat,770.,17.5</my:tupleList>

8.2.4 Lists

8.24.1 booleanList, doubleList, integerList, NameList, NCNameList, QNameL.ist,
booleanOrNilReasonList, NameOrNilReasonList, doubleOrNilReasonList, integerOrNilReasonList

A set of types for lists of simple values are constructed in accordance with the following patterns as follows:

<simpleType name="booleanList">
<list itemType="boolean"/>
</simpleType>

<simpleType name="doubleList">
<list itemType="double"/>
</simpleType>

<simpleType name="integerList">
<list itemType="integer"/>
</simpleType>

<simpleType name="NameList">
<list itemType="Name"/>
</simpleType>

<simpleType name="NCNameList">
<list itemType="NCName"/>
</simpleType>

<simpleType name="QNamelList">
<list itemType="QName"/>
</simpleType>

<simpleType name="booleanOrNilReasonList">
<list itemType="gml:booleanOrNilReason"/>
</simpleType>

<simpleType name="NameOrNilReasonList">
<list itemType="gml:NameOrNilReason"/>
</simpleType>

<simpleType name="doubleOrNilReasonList">
<list itemType="gml:doubleOrNilReason"/>
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</simpleType>

<simpleType name="integerOrNilReasonList">
<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 ..OrNilReasonList types support reasons for nil values
interspersed within a list.

NOTE 1 These types are provided as convenience types. They may be helpful in cases where a simple content type is to
be defined that is a union of such a list and another simple content type.

NOTE 2  Some of the types start with an upper case letter, some with a lower case letter. The reason is that the case of the
XML Schema base type has been preserved in the GML types for clarity.

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

NOTE 4 None of the list types defined here use an XML Schema string as an item. The reason for this is that a string may
include embedded spaces, linefeeds, etc (http://www.w3.org/TR/xmlschema-2/#string). Since whitespace acts as the item
separator in a list instance, there would be ambiguity in identifying items that potentially contain whitespace. On the other hand,
an instance of the XML Schema Name type may not contain whitespace (http://www.w3.org/TR/2000/WD-xml-2e-
20000814#NT-Name), so this may be used safely in a list context. The corollary of this is that if a term may contain whitespace,
then such a term may not occur in a list instance.

8.2.4.2 CodelListType, CodeOrNilReasonListType

The two types gml:CodeListType and gml:CodeOrNilReasonListType provide for lists of terms. The
schema definitions are as follows:

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

The values in an instance element of gml :CodeListType shall all be valid in accordance with the rules of the
dictionary, classification scheme, or authority identified by the value of its codeSpace attribute.

EXAMPLE An application schema may contain an element declaration using this type
<element name = “species” type = “gml:CodeListType”/>
so a corresponding element might appear in an instance document as follows :
<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.
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An instance element of gml:CodeOrNilReasonListType may also include embedded values from
gml:NilReasonType. It is intended to be used in situations where a term or classification is expected, but the
value may be absent for some reason.

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="MeasureListType">
<simpleContent>
<extension base="gml:doubleList">
<attribute name="uom" type="gml:Uomldentifier" use="required"/>
</extension>
</simpleContent>
</complexType>

<complexType name="MeasureOrNilReasonListType">
<simpleContent>
<extension base="gml:doubleOrNilReasonList">
<attribute name="uom" type="gml:Uomldentifier" use="required"/>
</extension>
</simpleContent>
</complexType>

EXAMPLE An application schema may contain element declarations using these types
<element name = “heights” type = “gml:MeasureListType”/>
<element name = “weights” type = “gml:MeasureOrNilReasonListType”/>
so corresponding elements might appear in an instance document as follows:
<heights uom="m">1.76 1.85 1.56 1.98</heights>
<weights uom="kg">67.0 73.4 withheld 85.1</weights>
In both examples all of the values in the list are described using the same scale.

In the second example a value describing the reason for a nil value appears where a measure is normally expected, but the
value may be absent for some reason.

9 GML schema — Features

9.1 General concepts

A GML feature is a feature encoded using GML.

EXAMPLE A road, a river, a person, a vehicle, an administrative area, an event, etc.

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

NOTE The feature schema document feature.xsd (see Annex C) is identified by the following location-independent name
(using URN syntax):

urn:x-ogc:specification:gml:schema-xsd:feature:3.2.1
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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.

9.3 Features
9.3.1 AbstractFeatureType
The basic feature model is given by the gml : AbstractFeatureType, defined in the schema as follows:

<complexType name="AbstractFeatureType" abstract="true">
<complexContent>
<extension base="gml:AbstractGMLType">
<sequence>
<element ref="gml:boundedBy" minOccurs="0"/>
<element ref="gml:location" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

The content model for gml:AbstractFeatureType adds two specific properties suitable for geographic
features to the content model defined in gml : AbstractGMLType.

The value of the gml : boundedBy property describes an envelope that encloses the entire feature instance, and
is primarily useful for supporting rapid searching for features that occur in a particular location.

The value of the gml:location property describes the extent, position or relative location of the feature.
gml:location is deprecated as part of the standard content model of gml:AbstractFeatureType.

9.3.2 AbstractFeature
The element gml : AbstractFeature is declared as follows:

<element name="AbstractFeature" type="gml:AbstractFeatureType" abstract="true"
substitutionGroup="gml:AbstractGML"/>

This abstract element serves as the head of a substitution group which may contain any elements whose content
model is derived from gml:AbstractFeatureType. This may be used as a variable in the construction of
content models.

gml:AbstractFeature may be thought of as “anything that is a GML feature” and may be used to define
variables or templates in which the value of a GML property is “any feature”. This occurs in particular in a GML
feature collection (see 9.9) where the feature member properties contain one or multiple copies of
gml :AbstractFeature respectively.
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9.4 Standard feature properties
9.4.1 boundedBy, BoundingShapeType, EnvelopeWithTimePeriod, EnvelopeWithTimePeriodType

This property describes the minimum bounding box or rectangle that encloses the entire feature. Its content 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.

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

NOTE 1 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 data provider to ensure that the value is correct.

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

<element name="EnvelopeWithTimePeriod" type="gml:EnvelopeWithTimePeriodType"
substitutionGroup="gml:Envelope"/>

<complexType name="EnvelopeWithTimePeriodType">
<complexContent>
<extension base="gml:EnvelopeType">
<sequence>
<element name="beginPosition" type="gml:TimePositionType"/>
<element name="endPosition" type="gml:TimePositionType"/>
</sequence>
<attribute name="frame" type="anyURI" default="#IS0O-8601"/>
</extension>
</complexContent>
</complexType>

This adds two time position properties, gml :beginPosition and gml:endPosition, which describe the
extent of a time-envelope.

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

NOTE 2 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
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attribute srsName. If the coordinate reference system being used includes a time axis, then gml:Envelope may be used
directly to describe a spatio-temporal extent.

9.4.2 locationName, locationReference

The gml:locationName property element is a convenience property where the text value describes the location
of the feature. It is defined as follows:

<element name="locationName" type="gml:CodeType"/>

If the location names are selected from a controlled list, then the list shall be identified in the codeSpace attribute.

The gml:locationReference property element is a convenience property where the text value referenced by
the x1ink: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:

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

Location given by another service:

<Feature>
<gml:locationReference
xlink:href="http://lwww.ga.gov.au/bin/gazm01?placename=leederville&placetype=R&state=WA+"/>
</Feature>

9.4.3 FeaturePropertyType, FeatureArrayPropertyType

A particular class of properties defines associations between features. These use the
gml:AssociationRoleType pattern as follows:

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

At times it is useful to define a property containing an array of other features. This is done using a feature array
property type as defined by the following content model:

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

9.5 Geometry properties

Application-specific names shall be chosen for geometry properties in GML application schemas. The names of
the properties should be chosen to express the semantics of the value. Using application specific 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 have as long as the
property value is a geometry object substitutable for gm1l : AbstractGeometry.

EXAMPLE 1 A RadioTower feature type could have a location that returns a point geometry to identify its location
through a representative point, and have another geometry property called floorSpace that returns a surface geometry
describing its physical structure, and have yet a third geometry property called serviceArea that returns a surface geometry
describing the area in which its transmissions can be received reliably.

<complexType name="RadioTowerType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<element name="location" type="gml:PointPropertyType"/>
<element name="floorSpace" type="gml:SurfacePropertyType"/>
<element name="serviceArea" type="gml:SurfacePropertyType"/>
<l-- -->
</sequence>
</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

XML Schema property type

Associated geometry object types
(element names)

PointPropertyType

Point

CurvePropertyType

AbstractCurve
LineString

Curve
OrientableCurve
CompositeCurve

SurfacePropertyType

AbstractSurface
Polygon

Surface
OrientableSurface
CompositeSurface

SolidPropertyType

AbstractSolid
Solid
CompositeSolid

MultiPointPropertyType

MultiPoint

MultiCurvePropertyType

MultiCurve

MultiSurfaceProperty Type

MultiSurface

MultiSolidProperty Type

MultiSolid

MultiGeometryProperty Type

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)

SolidArrayProperty Type

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

<complexType name="StatisticalAreaType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<element name="boundary" type="gml:TopoCurveProperty Type" maxOccurs="unbounded"/>
<element name="surface" type="gml:TopoSurfaceProperty Type" maxOccurs="unbounded"/>
<l-- -->
</sequence>
</extension>
</complexContent>
</complexType>

The GML schema includes predefined property types that may be used as types of topology property element.
The first four of these properties express direction, whereas the others do not.

Table 5 — Predefined formal topology property types

XML Schema property type Associat(ee ?et;zzltor?gmoebsj)e cttypes
DirectedNodePropertyType Node
DirectedEdgePropertyType Edge
DirectedFaceProperty Type Face
DirectedTopoSolidPropertyType TopoSolid
TopoPointProperty Type TopoPoint
TopoCurvePropertyType TopoCurve
TopoSurfacePropertyType TopoSurface
TopoVolumePropertyType TopoVolume
TopoComplexPropertyType TopoComplex

9.7 Temporal properties

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

EXAMPLE A feature type Building may have a constructionTime property whose XML type s
“gml: TimePeriodPropertyType”, a completionTime property whose XML type is “gml:TimelnstantPropertyType”, and an age
whose XML type is “duration” or “gml:TimelntervalLengthType”.

<complexType name="BuildingType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
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<element name="constructionTime" type="gml:TimePeriodPropertyType"/>
<element name="completionTime" type="gml:TimelnstantPropertyType"/>
<element name="age" type="gml:TimelntervalLengthType"/>
<l-- -->
</sequence>
</extension>
</complexContent>
</complexType>

The types shown in Table 6 are provided for direct use in declaring property elements.

Table 6 — Predefined formal temporal property types

XML Schema property type

Associated temporal object types
(element names)

TimePrimitiveProperty Type

AbstractTimePrimitive
AbstractTimeGeometricPrimitive
Timelnstant

TimePeriod
AbstractTimeTopologyPrimitive
TimeEdge

TimeNode

AbstractTimeGeometricPrimitive

TimeGeometricPrimitivePropertyType Timelnstant

TimePeriod
TimelnstantProperty Type Timelnstant
TimePeriodPropertyType TimePeriod
TimeTopologyPrimitiveProperty Type AbstractTimeTopologyPrimitive

TimeEdge

TimeNode
TimeEdgePropertyType TimeEdge
TimeNodePropertyType TimeNode
TimeTopologyComplexPropertyType TimeTopologyComplex

TimeOrdinalEraPropertyType

TimeOrdinalEra

TimeCalendarPropertyType

TimeCalendar

TimeCalendarEraProperty Type

TimeCalendarEra

TimeClockPropertyType TimeClock

TimePositionType - (simple type)
xsd:duration - (simple type)
TimelntervalLengthType - (simple type)

The temporal property types listed above provide a relatively comprehensive set of components for associating
temporal information with features and other objects.
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9.8 Defining application-specific feature types

All specific feature types defined in application schemas shall be implemented as global XML elements whose
content model (XML Schema types) are derived from gml :AbstractFeatureType, 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 : 1d attribute.

NOTE 1 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 gm1 : 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.

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>>" type = “<<contentModel >>" substitutionGroup="gml:AbstractFeature” />

The content model of the feature may be a named or anonymous complex type.

9.9 Feature collections
9.9.1 GML feature collections
A GML feature collection is a collection of GML feature instances.

A GML feature collection is any GML feature with a property element in its content model whose content model is
derived by extension from gml :AbstractFeatureMemberType (see 9.9.2).

In addition, the complex type describing the content model of the GML feature collection may also include a
reference to the attribute group gml : AggregationAttributeGroup to provide additional information 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; the collection is called
MyFeatures:

<element name=“MyFeatures” type=“ex:MyFeaturesType” substitutionGroup="gml:AbstractFeature"/>

<complexType name="MyFeaturesType">
<complexContent>

<extension base="gml:AbstractFeatureType">

<sequence>
<element name="myMember" type="ex:MyFeaturesMemberType"
minOccurs="0" maxOccurs="unbounded"/>

</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>

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

<complexType name="MyFeaturesMemberType">
<complexContent>
<extension base="gml:AbstractFeatureMemberType">
<sequence minOccurs="0">
<element ref="gml:AbstractFeature"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</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>
<MyFeature gml:id="f1"/>
</myMember>
<myMember>
<MyFeature gml:id="f2"/>
</myMember>
<myMember xlink:href="#f3"/>
</MyFeatures>

EXAMPLE 2 Often, the feature collection will contain instances of a specific type. In the example below, the 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>
<element name="segment" type="ex:RoadMemberType" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<complexType name="RoadMemberType">
<complexContent>
<extension base="gml:AbstractFeatureMemberType">
<sequence minOccurs="0">
<element ref="ex:RoadSegments"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

An example instance fragment encoding a ordered collection of road segments is shown below:
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<Road gml:id="r1" aggregationType="sequence”>
<segment>
<RoadSegment gml:id="s1"/>
</segment>
<segment xlink:href="#s8"/>
<segment>
<RoadSegment gml:id="s4"/>
</segment>
</Road>

9.9.2 AbstractFeatureMemberType and derived property types

To create a collection of GML features, a property type shall be derived by extension from
gml:AbstractFeatureMemberType.

<complexType name="AbstractFeatureMemberType" 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.

By default, this abstract property type does not imply any ownership of the features in the collection. The owns
attribute of gm1 : 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 gml:boundedBy property for a feature or feature collection is usually a gml: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.

For convenience in constructing feature and feature collection instances, the value of the srsName attribute on
the gml:Envelope which is the value of the gml :boundedBy 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 a local 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 gml :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

NOTE 1 The geometry model of GML complies with ISO 19107. The underlying concepts of the types and elements of the
GML geometry model are discussed in this document in more detail.

This clause describes the schema components for geometric primitives as specified by GML.

54 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.



OGC 07-036r1

NOTE2 The corresponding geometry schema documents, geometryBasicOd1d.xsd, geometryBasic2d.xsd and
geometryPrimitives.xsd (see Annex C), are identified by the following location-independent names (using URN syntax):

urn:x-ogc:specification:gml:schema-xsd:geometryBasic0d1d:3.2.1
urn:x-ogc:specification:gml:schema-xsd:geometryBasic2d:3.2.1
urn:x-ogc:specification:gml:schema-xsd:geometryPrimitives:3.2.1

Any geometry element that inherits the semantics of gml :AbstractGeometryType may be viewed as a set of
direct positions.

All of the classes derived from gml:AbstractGeometryType inherit an optional association to a coordinate
reference system. All direct positions shall directly or indirectly be associated with a coordinate reference system.
When geometry elements are aggregated in another geometry element (such as a gml:MultiGeometry Or
gml : GeometricComplex), wWhich already has a coordinate reference system specified, then these elements are
assumed to be in that same coordinate reference system unless otherwise specified.

The geometry model distinguishes geometric primitives, aggregates and complexes.

Geometric primitives, i.e. instances of a subtype of gml :AbstractGeometricPrimitiveType, Will be open,
that is, they will not contain their boundary points; curves will not contain their end points, 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 1ISO 19107 for these types, which are also constraints on the spatial geometry components of the
GML schema.

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"/>
</extension>
</complexContent>
</complexType>

All geometry elements are derived directly or indirectly from this abstract supertype. A geometry element may
have an identifying attribute (gml:id), may have one or more names (elements gml:identifier and
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gml:name) and a description (elements gml:description and gml:descriptionReference)?). It may be
associated with a spatial reference system (attribute group gml : SRSReferenceGroup).

The following rules shall be adhered to:
— Every geometry type shall derive from this abstract type.

— Every geometry element (i.e. an element of a geometry type) shall be directly or indirectly in the substitution
group of AbstractGeometry.

10.1.3.2 SRSReferenceGroup

<attributeGroup name="SRSReferenceGroup">
<attribute name="srsName" type="anyURI" />
<attribute name="srsDimension" type="positivelnteger" />
<attributeGroup ref="gml:SRSInformationGroup"/>
</attributeGroup>

The attribute group gml : SRSReferenceGroup is an optional reference to the CRS used by this geometry, with
optional additional information to simplify the processing of the coordinates when a more complete definition of
the CRS is not needed.

In general the attribute srsName points to a CRS instance of gml:AbstractCoordinateReferenceSystem
(see 12.2.3). For well-known references it is not required that the CRS description exists at the location the URI
points to.

If no srsName attribute is given, the CRS shall be specified as part of the larger context this geometry 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 geographic identifiers, may be
supported by GML, too.

The optional attribute srsDimension 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="gmI:NCNamelList" />
<attribute name="uomLabels" type="gml:NCNameList" />
</attributeGroup>

The attributes uomLabels and axisLabels, defined in the gml:SRSInformationGroup 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 uomLabels attributes shall be included. When the srsName
attribute is omitted, both of these attributes shall be omitted.

2) Deprecated properties have been omitted from this list. Nevertheless, they are still valid content.

56 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.



OGC 07-036r1

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 axes of this CRS. The value
of the string in the gml:catalogSymbol should be used for this uom labels, after spaces and forbidden
characters are removed. When the axisLabels attribute is included, this attribute 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:AbstractGeometryType" abstract="true"
substitutionGroup="gml:AbstractGML" />

The gml :AbstractGeometry element is the abstract head of the substitution group for all geometry elements of
GML. This includes predefined and user-defined geometry elements. Any geometry element shall be a direct or
indirect extension/restriction of gml:AbstractGeometryType and shall be directly or indirectly in the
substitution group of gml : AbstractGeometry.

D.2.3.2 specifies the implementation of ISO 19107 GM_Obiject 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 geometric 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 elements located elsewhere in the
same or another document). Note that either the reference or the contained element shall be given, but not both
or none, see 7.2.3.

If a feature has a property that takes a geometry element as its value, this is called a geometry property. A
generic type for such a geometry property is gml :GeometryPropertyType which follows the general rules
described in 7.2.3.

10.1.3.6 GeometryArrayPropertyType

<complexType name="GeometryArrayProperty Type">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractGeometry" />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

If a feature has a property which takes an array of geometry elements as its value, this is 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.

The elements are always contained inline in the array property. Referencing geometry elements or arrays of
geometry elements via XLinks is not supported.
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EXAMPLE All elements in a gml:GeometryArrayPropertyType are of the type 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

<complexType name="DirectPositionType">
<simpleContent>
<extension base="gml:doubleList">
<attributeGroup ref="gml:SRSReferenceGroup"/>
</extension>
</simpleContent>
</complexType>

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

<sch:pattern>
<sch:rule context="gml:pos">
<sch:assert test="not(@srsDimension) or @srsName">The presence of a dimension attribute implies the
presence of the srsName attribute.</sch:assert>
<sch:assert test="not(@axisLabels) or @srsName">The presence of an axisLabels attribute implies the
presence of the srsName attribute.</sch:assert>
<sch:assert test="not(@uomLabels) or @srsName">The presence of an uomLabels attribute implies the
presence of the srsName attribute.</sch:assert>
<sch:assert test="(not(@uomLabels) and not(@axisLabels)) or (@QuomLabels and @axisLabels)">The
presence of an uomLabels attribute implies the presence of the axisLabels attribute and vice versa.</sch:assert>
</sch:rule>
</sch:pattern>

Direct position instances hold the coordinates for a position within some coordinate reference system (CRS).
Since direct positions, as data types, will often be included in larger objects (such as geometry elements) that
have references to CRS, the srsName attribute will in general be missing, if this particular direct position is
included in a larger element with such a reference to a CRS. In this case, the CRS is implicitly assumed to take on
the value of the containing object's CRS.

The attribute group gml: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 It is expected that the 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

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

<element name="posList" type="gml:DirectPositionListType" />
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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).

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 It is 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 srsDimension 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 positions.

D.2.3.4 specifies the implementation of ISO 19107 GM_PointArray using direct positions only by these schema
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 position: either by a direct position (a data type) or a point
(a geometric object).

gml :pos elements are positions that are “owned” by the geometric primitive encapsulating this geometric position.

gml:pointProperty elements contain a point that may be referenced from other geometry elements or
reference another point defined elsewhere (reuse of existing points).

D.2.3.4 specifies the implementation of ISO 19107 GM_Position by this choice group.
10.1.4.4 geometricPositionListGroup
<group name="geometricPositionListGroup">
<choice>
<element ref="gml:posList"/>
<group ref="gml:geometricPositionGroup" maxOccurs="unbounded"/>
</choice>

</group>

GML supports two different ways to specify a list of geometric positions: either by a sequence of geometric
positions (by reusing the group definition) or a sequence of direct positions (element gml : posList).

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

D.2.3.4 specifies the implementation of ISO 19107 GM_PointArray by this choice group.
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NOTE The definition of this group may 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:posList) 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.

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 This definition allows VectorType to be used elsewhere when appropriate — e.g. for offsetVector in grids.xsd, and
vector to be used directly when appropriate — e.g. in DirectionVector in direction.xsd.

10.1.4.6 EnvelopeType, Envelope

<complexType name="EnvelopeType">
<choice>
<sequence>
<element name="lowerCorner" type="gml:DirectPositionType"/>
<element name="upperCorner" type="gml:DirectPositionType"/>
</sequence>
<element ref="gml:pos" minOccurs="2" maxOccurs="2"/>
<element ref="gml:coordinates"/>
</choice>
<attributeGroup ref="gml:SRSReferenceGroup"/>
</complexType>

<element name="Envelope" type="gml:EnvelopeType" substitutionGroup="gml:AbstractObject"/>

gml :Envelope implements ISO 19107 GM_Envelope (see D.2.3.4 and ISO 19107:2003, 6.4.3).

Envelope defines an extent using a pair of positions defining opposite corners in arbitrary dimensions. The first
direct position is the "lower corner" (a coordinate position consisting of all the minimal ordinates for each
dimension for all points within the envelope), the second one the "upper corner" (a coordinate position consisting
of all the maximal ordinates for each dimension for all points within the envelope).

The use of the properties “coordinates” and ‘pos” in Envelope has been deprecated. The explicitly nhamed
properties “lowerCorner” and “upperCorner” shall be used instead.

NOTE Regardless of dimension, an envelope can be represented without ambiguity as two direct positions (coordinate
points) provided the ordering of those points adheres to the specified rule. Envelope is often referred to as a minimum
bounding box or rectangle. However, this Envelope will not always specify the MINIMUM rectangular bounding region, if the
referenced CRS is a Geodetic CRS, or uses an Ellipsoidal, Spherical, Polar, or Cylindrical coordinate system, as those terms
are specified in 12.4. Specifically, this Envelope will not specify the MINIMUM rectangular bounding region of a geometry
whose set of points span the value discontinuity in an angular coordinate axis. Such axes include the Longitude and Latitude
of Ellipsoidal and Spherical coordinate systems. That geometry could lie within a small region on the surface of the ellipsoid or
sphere, or could extend completely around the ellipsoid or sphere.
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10.2 Abstract geometric primitives
10.2.1 AbstractGeometricPrimitiveType, AbstractGeometricPrimitive

<complexType name="AbstractGeometricPrimitive Type" abstract="true">
<complexContent>
<extension base="gml:AbstractGeometryType" />
</complexContent>
</complexType>

<element name="AbstractGeometricPrimitive" type="gml:AbstractGeometricPrimitive Type" abstract="true"
substitutionGroup="gml:AbstractGeometry" />

gml :AbstractGeometricPrimitiveType is the abstract root type 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:AbstractGeometricPrimitive element is the abstract head of the substitution group for all (pre-
and user-defined) geometric primitives.

gml :AbstractGeometricPrimitive implements ISO 19107 GM_Primitive (see D.2.3.3 and ISO 19107:2003,
6.3.10).

10.2.2 GeometricPrimitivePropertyType

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

A property that has a geometric primitive 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.

10.3 Geometric primitives (0-dimensional)
10.3.1 PointType, Point

<complexType name="PointType">
<complexContent>
<extension base="gml:AbstractGeometricPrimitive Type">
<sequence>
<choice>
<element ref="gml:pos" />
<element ref="gml:coordinates" />
</choice>
</sequence>
</extension>
</complexContent>
</complexType>

<element name="Point" type="gml:PointType" substitutionGroup="gml:AbstractGeometricPrimitive" />
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A gml:Point is defined by a single coordinate tuple. The direct position of a point is specified by the gml : pos
element which is of type gml :DirectPositionType.

gml:Point implements ISO 19107 GM_Point (see D.2.3.3 and ISO 19107:2003, 6.3.11).
The use of the element “coordinates” is deprecated. Use “pos” instead.
10.3.2 PointPropertyType, pointProperty

<complexType name="PointProperty Type">
<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 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" />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="pointArrayProperty" type="gml:PointArrayPropertyType" />

gml:PointArrayPropertyType is a container for an array of points. The elements are always contained inline
in the array property. Referencing geometry elements or arrays of geometry elements via XLinks is not supported.

This property element contains a list of point elements. pointArrayProperty 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 a list of points.

10.4 Geometric primitives (1-dimensional)
10.4.1 AbstractCurveType, AbstractCurve
<complexType name="AbstractCurveType" abstract="true">
<complexContent>
<extension base="gml:AbstractGeometricPrimitive Type"/>

</complexContent>
</complexType>

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

62 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.



OGC 07-036r1

substitutionGroup="gml:AbstractGeometricPrimitive" />

gml :AbstractCurveType is an abstraction of a curve to support the different levels of complexity. The curve
may always be viewed as a geometric primitive, i.e. is continuous.

The gml:AbstractCurve element is the abstract head of the substitution group for all (continuous) curve
elements.

10.4.2 CurvePropertyType, curveProperty

<complexType name="CurvePropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractCurve"/>
</sequence>
<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.

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.

This property element contains a list of curve elements. curveArrayProperty 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 a list of curves.

10.4.4 LineStringType, LineString

<complexType name="LineStringType">
<complexContent>
<extension base="gml:AbstractCurveType">
<sequence>
<choice>
<choice minOccurs="2" maxOccurs="unbounded">

<element ref="gml:pos"/>

<element ref="gml:pointProperty"/>

<element ref="gml:pointRep"/>
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</choice>

<element ref="gml:posList"/>
<element ref="gml:coordinates"/>

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

<element name="LineString" type="gml:LineStringType" substitutionGroup="gml:AbstractCurve" />

A gml:LineString is a special curve that consists of a single segment with linear interpolation (see D.3.5). It is
defined by two or more coordinate tuples, with linear interpolation between them.

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 two.

NOTE ISO 19107 GM_LineString is implemented by gm1 : LineStringSegment.
10.4.5 CurveType, Curve

<complexType name="CurveType">
<complexContent>
<extension base="gml:AbstractCurveType">
<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.

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 gm1 : segments encapsulates the segments of the curve.

10.4.6 OrientableCurveType, OrientableCurve, baseCurve

<complexType name="OrientableCurveType">
<complexContent>
<extension base="gml:AbstractCurveType">
<sequence>
<element ref="gml:baseCurve" />
</sequence>
<attribute name="orientation" type="gml:SignType" default="+" />
</extension>
</complexContent>
</complexType>
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<element name="baseCurve" type="gml:CurvePropertyType" />
<element name="OrientableCurve" type="gml:OrientableCurveType" substitutionGroup="gml:AbstractCurve" />

gml:OrientableCurve implements I1SO 19107 GM_OrientableCurve (see D.2.3.3 and 1SO 19107:2003,
6.3.14).

gml:OrientableCurve consists of a curve and an orientation. If the orientation is "+", then the
gml:OrientableCurve is identical to the gml:baseCurve. If the orientation is "-", then the
gml:OrientableCurve is related to another gml :AbstractCurve with a parameterization that reverses the

sense of the curve traversal.

The property gml :baseCurve references or contains the base curve, i.e. it either references the base curve via
the XLink-attributes or contains the curve element. A curve element is any element which is substitutable for
gml :AbstractCurve. The base curve has positive orientation.

NOTE This definition allows for a nested structure, i.e. an gml:OrientableCurve may use another
gml:OrientableCurve as its base curve.

10.4.7 Curve segments
10.4.7.1 AbstractCurveSegmentType, AbstractCurveSegment

<complexType name="AbstractCurveSegmentType" abstract="true">
<attribute name="numDerivativesAtStart" type="integer" default="0" />
<attribute name="numDerivativesAtEnd" type="integer" default="0" />
<attribute name="numbDerivativelnterior" 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 numbDerivativesAtStart, 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.

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

<complexType name="CurveSegmentArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractCurveSegment" />
</sequence>
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</complexType>

gml:CurveSegmentArrayPropertyType iS a container for an array of curve segments.

<element name="segments" type="gml:CurveSegmentArrayPropertyType" />

This property element contains a list of curve segments. The order of the elements is significant and shall be
preserved when processing the array.

10.4.7.3 CurvelnterpolationType

<simpleType name="CurvelnterpolationType">
<restriction base="string">
<enumeration value="linear" />
<enumeration value="geodesic" />
<enumeration value="circularArc3Points" />
<enumeration value="circularArc2PointWithBulge" />
<enumeration value="circularArcCenterPointWithRadius" />
<enumeration value="elliptical" />
<enumeration value="clothoid" />
<enumeration value="conic" />
<enumeration value="polynomialSpline" />
<enumeration value="cubicSpline" />
<enumeration value="rationalSpline" />
</restriction>
</simpleType>

gml:CurvelnterpolationType is a list of codes that may be used to identify the interpolation mechanisms
specified by an application schema.

This type implements ISO 19107 GM_Curvelnterpolation (see D.2.3.4 and ISO 19107:2003, 6.4.8).
10.4.7.4 LineStringSegmentType, LineStringSegment

<complexType name="LineStringSegmentType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">
<sequence>
<choice>
<choice minOccurs="2" 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="linear" />
</extension>
</complexContent>
</complexType>

<element name="LineStringSegment" type="gml:LineStringSegmentType"
substitutionGroup="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>
<choice>
<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="circularArc3Points" />
<attribute name="numArc" type="integer" />
</extension>
</complexContent>
</complexType>

<element name="ArcString" type="gml:ArcStringType" substitutionGroup="gml:AbstractCurveSegment" />

gml:ArcString implements ISO 19107 GM_ArcString (see D.2.3.4 and 1ISO 19107:2003, 6.4.14).

A gml:ArcString is a curve segment that uses three-point circular arc interpolation (“circularArc3Points”). 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 2 * numArc + 1.

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).
10.4.7.6 ArcType, Arc

<complexType name="ArcType">
<complexContent>
<restriction base="gml:ArcStringType">
<sequence>
<choice>
<choice 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" />
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gml:Arc implements ISO 19107 GM_Arc (see D.2.3.4 and ISO 19107:2003, 6.4.15).

An Arc is 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".

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 ISO 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 distinct non-

co-linear points for the circle to be unambiguously defined. The arc is 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" />
<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
<element name="bulge" type="double" maxOccurs="unbounded"/>
<element name="normal" type="gml:VectorType" maxOccurs="unbounded" />
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
fixed="circularArc2PointWithBulge" />
<attribute name="numArc" type="integer" />
</extension>
</complexContent>
</complexType>

<element name="ArcStringByBulge" type="gml:ArcStringByBulgeType"
substitutionGroup="gml:AbstractCurveSegment" />

gml:ArcStringByBuldge implements ISO 19107 GM_ArcStringByBuldge (see D.2.3.4 and ISO 19107:2003,
6.4.17).

This variant of the arc computes the mid points of the arcs instead of storing the coordinates directly. The control
point sequence consists of the start and end points of each arc plus the gml:bulge (see ISO 19107:2003,

6.4.17.2). The gml:normal is a vector normal (perpendicular) to the chord of the arc (see ISO 19107:2003,
6.4.17.4).

68 Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved.



OGC 07-036r1

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" />
<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>

<element name="ArcByBulge" type="gml:ArcByBulgeType" substitutionGroup="gml:ArcStringByBulge" />

gml :ArcByBuldge implements ISO 19107 GM_ArcByBuldge (see D.2.3.4 and ISO 19107:2003, 6.4.18).

An ArcByBulge is an arc string with only one arc unit, i.e. two control points, one bulge and one normal vector.
As arc is an arc string consisting of a single arc, the attribute “numArc” is fixed to "1".

10.4.7.10 ArcByCenterPointType, ArcByCenterPoint

<complexType name="ArcByCenterPointType">
<complexContent>
<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" type="gml:LengthType" />
<element name="startAngle" type="gml:AngleType" minOccurs="0" />
<element name="endAngle" type="gml:AngleType" minOccurs="0" />
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType"
fixed="circularArcCenterPointWithRadius" />
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<attribute name="numArc" type="integer" use="required" fixed="1" />
</extension>
</complexContent>
</complexType>

<element name="ArcByCenterPoint" type="gml:ArcByCenterPointType"
substitutionGroup="gml:AbstractCurveSegment" />

This variant of the arc requires that the points on the arc shall be computed instead of storing the coordinates
directly. The single control point is the center point of the arc plus the radius and the bearing at start and end. This
representation can be used only in 2D.

The element gm1 : radius specifies the radius of the arc.

The element gm1 : startAngle specifies the bearing of the arc at the start.

The element gm1 : endAngle 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).
10.4.7.11 CircleByCenterPointType, CircleByCenterPoint

<complexType name="CircleByCenterPointType">
<complexContent>
<restriction base="gml:ArcByCenterPointType">
<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" type="gml:LengthType" />
</sequence>
</restriction>
</complexContent>
</complexType>

<element name="CircleByCenterPoint" type="gml:CircleByCenterPointType"
substitutionGroup="gml:ArcByCenterPoint" />

A gml:CircleByCenterPoint is an gml:ArcByCenterPoint with identical start and end angle to form a full
circle. Again, this representation can be used only in 2D.

10.4.7.12 CubicSplineType, CubicSpline

<complexType name="CubicSplineType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">
<sequence>
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<choice>
<choice minOccurs="2" maxOccurs="unbounded">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
<element name="vectorAtStart" type="gml:VectorType" />
<element name="vectorAtEnd" type="gml:VectorType" />
</sequence>
<attribute name="interpolation" type="gml:CurvelnterpolationType" fixed="cubicSpline" />
<attribute name="degree" type="integer" fixed="3" />
</extension>
</complexContent>
</complexType>

<element name="CubicSpline" type="gml:CubicSplineType" substitutionGroup="gml:AbstractCurveSegment" />

gml:CubicSpline implements ISO 19107 GM_CubicSpline (see D.2.3.4 and ISO 19107:2003, 6.4.28).

The number of control points shall be at least three.

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).
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>
<element ref="gml:posList" />
<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" default="polynomialSpline" />
<attribute name="isPolynomial" type="boolean" />
<attribute name="knotType" type="gml:KnotTypesType" />
</extension>
</complexContent>
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</complexType>
<element name="BSpline" type="gml:BSplineType" substitutionGroup="gml:AbstractCurveSegment" />

gml :BSpline implements ISO 19107 GM_BSplineCurve (see D.2.3.4 and ISO 19107:2003, 6.4.30).

A B-Spline is a piecewise parametric polynomial or rational curve described in terms of control points and basis
functions as specified in ISO 19107:2003, 6.4.30. Therefore, interpolation may be either "polynomialSpline"
or "rationalSpline" depending on the interpolation type; default is "polynomialSpline".

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 (see ISO 19107:2003,
6.4.26.2).

The attribute isPolynomial shall be set to “true” if this is a polynomial spline (see ISO 19107:2003, 6.4.30.5).

The attribute knotType shall provide the type of knot distribution used in defining this spline (see
ISO 19107:2003, 6.4.30.4).

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).
10.4.7.14 KnotType, KnotPropertyType

<complexType 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 knot is a breakpoint on a piecewise spline curve.

gml:value 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).
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

<simpleType name="KnotTypesType">
<restriction base="string">
<enumeration value="uniform" />
<enumeration value="quasiUniform" />
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gml :KnotTypesType implements ISO 19107 GM_KnotType (see D.2.3.4 and ISO 19107:2003, 6.4.25).

This enumeration type specifies values for the knots’ type (see ISO 19107:2003, 6.4.25).
10.4.7.16 BezierType, Bezier

<complexType name="BezierType">
<complexContent>
<restriction base="gml:BSplineType">
<sequence>
<choice>
<choice minOccurs="0" maxOccurs="unbounded">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep" />
</choice>
<element ref="gml:posList" />
<element ref="gml:coordinates" />
</choice>
<element name="degree" type="nonNegativelnteger" />

<element name="knot" type="gml:KnotPropertyType" minOccurs="2" maxOccurs="2" />

</sequence>

<attribute name="interpolation" type="gml:CurvelnterpolationType" fixed="polynomialSpline" />

<attribute name="isPolynomial" type="boolean" fixed="true" />
<attribute name="knotType" type="gml:KnotTypesType" use="prohibited" />
</restriction>
</complexContent>
</complexType>

<element name="Bezier" type="gml:BezierType" substitutionGroup="gml:BSpline" />

gml:Bezier implements ISO 19107 GM_Bezier (see D.2.3.4 and ISO 19107:2003, 6.4.31).

Bezier curves are polynomial splines that use Bezier or Bernstein polynomials for interpolation 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.

10.4.7.17 OffsetCurveType, OffsetCurve

<complexType name="OffsetCurveType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">
<sequence>
<element name="offsetBase" type="gml:CurvePropertyType"/>
<element name="distance" type="gml:LengthType"/>
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<element name="refDirection" type="gml:VectorType" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

<element name="0OffsetCurve" type="gml:OffsetCurveType" substitutionGroup="gml:AbstractCurveSegment"/>

An offset curve is a curve at a constant distance from the basis curve.

gml:0ffsetCurve implements ISO 19107 GM_OffsetCurve (see D.2.3.4 and ISO 19107:2003, 6.4.23).
gml:offsetBase is the base curve from which this curve is defined as an offset. gml:distance and
gml:refDirection have the same meaning as specified in ISO 19107:2003, 6.4.23.

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).
10.4.7.18 AffinePlacementType, AffinePlacement

<complexType name="AffinePlacementType">
<sequence>
<element name="location" type="gml:DirectPositionType"/>
<element name="refDirection" type="gml:VectorType" maxOccurs="unbounded"/>
<element name="inDimension" type="positivelnteger"/>
<element name="outDimension" type="positivelnteger"/>
</sequence>
</complexType>

<element name="AffinePlacement" type="gml:AffinePlacementType" substitutionGroup="gml:AbstractObject"/>

gml:AffinePlacement implements ISO 19107 GM_AffinePlacement (see D.2.3.4 and ISO 19107:2003, 6.4.21
and 6.4.20.1). gml:location, gml:refDirection, gml:inDimension and gml:outDimension have the
same meaning as specified in ISO 19107:2003, 6.4.21.

10.4.7.19 ClothoidType, Clothoid

<complexType name="ClothoidType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">
<sequence>
<element name="refLocation">
<complexType>
<sequence>
<element ref="gml:AffinePlacement"/>
</sequence>
</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, or Cornu's spiral, is plane curve whose curvature is a fixed function of its length.
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gml:Clothoid implements [SO 19107 GM_Clothoid (see D.2.3.4 and 1SO 19107:2003, 6.4.22).

gml:refLocation, gml:startParameter, gml:endParameter and gml:scaleFactor have the same
meaning as specified in ISO 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" minOccurs="2" maxOccurs="unbounded"/>
</choice>
<attribute name="interpolation" type="gml:CurvelnterpolationType" fixed="geodesic"/>
</extension>
</complexContent>
</complexType>

<element name="GeodesicString" type="gml:GeodesicStringType"
substitutionGroup="gml:AbstractCurveSegment"/>

gml :GeodesicString implements ISO 19107 GM_GeodesicString (see D.2.3.4 and ISO 19107:2003, 6.4.12),
a sequence of geodesic segments.

The number of control points shall be at least two.
interpolation is fixed as "geodesic".

The content model follows the general pattern for the encoding of curve segments (see 10.4.7).
10.4.7.21 GeodesicType, Geodesic

<complexType name="GeodesicType">
<complexContent>
<extension base="gml:GeodesicStringType"/>
</complexContent>
</complexType>

<element name="Geodesic" type="gml:GeodesicType" substitutionGroup="gml:GeodesicString"/>

gml : Geodesic implements ISO 19107 GM_Geodesic (see D.2.3.4 and ISO 19107:2003, 6.4.13).

10.5 Geometric primitives (2-dimensional)
10.5.1 AbstractSurfaceType, AbstractSurface

<complexType name="AbstractSurfaceType" abstract="true">
<complexContent>
<extension base="gml:AbstractGeometricPrimitive Type"/>
</complexContent>
</complexType>

<element name="AbstractSurface" type="gml:AbstractSurfaceType" abstract="true"
substitutionGroup="gml:AbstractGeometricPrimitive" />
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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.

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 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 surface via the XLink-attributes or contains the surface element.
surfaceProperty 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 : AbstractSurface.

10.5.3 SurfaceArrayPropertyType, surfaceArrayProperty

<complexType name="SurfaceArrayProperty Type">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractSurface" />
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

gml:SurfaceArrayPropertyType is a container for an array of surfaces. The elements are always contained
in the array property, referencing geometry elements or arrays of geometry elements via XLinks is not supported.

<element name="surfaceArrayProperty" type="gml:SurfaceArrayPropertyType" />

This property 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 that is
substitutable for a list of AbstractSurfaces.

10.5.4 PolygonType, Polygon

<complexType name="PolygonType">
<complexContent>
<extension base="gml:AbstractSurfaceType">
<sequence>
<element ref="gml:exterior" minOccurs="0" />
<element ref="gml:interior" minOccurs="0" maxOccurs="unbounded" />
</sequence>
</extension>
</complexContent>
</complexType>
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<element name="Polygon" type="gml:PolygonType" substitutionGroup="gml:AbstractSurface" />

A gml: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 are
specified below.

10.5.5 exterior, interior

<element name="exterior" type="gml:AbstractRingPropertyType" />

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:AbstractRingProperty Type" />

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 abstraction of a ring to support surface boundaries of different complexity.

The gml:AbstractRing element is the abstract head of the substitution group for all closed boundaries of a
surface patch.

10.5.7 AbstractRingPropertyType

<complexType name="AbstractRingProperty Type">
<sequence>
<element ref="gml:AbstractRing"/>
</sequence>
</complexType>

A property with the content model of gml :AbstractRingPropertyType encapsulates a ring to represent the
surface boundary property of a surface.

10.5.8 LinearRingType, LinearRing

<complexType name="LinearRingType">
<complexContent>
<extension base="gml:AbstractRingType">
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<sequence>
<choice>
<choice 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.

10.5.9 LinearRingPropertyType

<complexType name="LinearRingProperty Type">
<sequence>
<element ref="gml:LinearRing"/>
</sequence>
</complexType>

A property with the content model of gm1:L.inearRingPropertyType encapsulates a linear ring to represent a
component of a surface boundary.

10.5.10 SurfaceType, Surface

<complexType name="SurfaceType">
<complexContent>
<extension base="gml:AbstractSurfaceType">
<sequence>
<element ref="gml:patches" />
</sequence>
</extension>
</complexContent>
</complexType>

<element name="Surface" type="gml:SurfaceType" substitutionGroup="gml:AbstractSurface" />

A Surface is a 2-dimensional primitive and is composed of one or more surface patches as specified in
ISO 19107:2003, 6.3.17.1. The surface patches are connected to one another.

gml:Surface implements ISO 19107 GM_Surface (see D.2.3.4 and ISO 19107:2003, 6.3.17).
gml :patches encapsulates the patches of the surface.
10.5.11 OrientableSurfaceType, OrientableSurface, baseSurface

<complexType name="OrientableSurfaceType">
<complexContent>
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<extension base="gml:AbstractSurfaceType">
<sequence>
<element ref="gml:baseSurface" />
</sequence>
<attribute name="orientation" type="gml:SignType" default="+" />
</extension>
</complexContent>
</complexType>

<element name="baseSurface" type="gml:SurfacePropertyType" />
<element name="OrientableSurface" type="gml:OrientableSurfaceType" substitutionGroup="gml:AbstractSurface" />

gml:OrientableSurface implements ISO 19107 GM_OrientableSurface (see D.2.3.4 and ISO 19107:2003,
6.3.15).

gml:OrientableSurface consists of a surface and an orientation. If the orientation is "+", then the
gml:OrientableSurface is identical to the gml:baseSurface. If the orientation is "-", then the
gml:OrientableSurface is a reference to a gml:AbstractSurface with an up-normal that reverses the
direction for this gm1 :OrientableSurface, 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 may use another
gml:OrientableSurface as its base surface.

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:CurveProperty Type" />

gml :Ring implements ISO 19107 GM_Ring (see D.2.3.4 and ISO 19107:2003, 6.3.6).

A ring is used to represent a single connected component of a surface boundary as specified in ISO 19107:2003,
6.3.6.

Every gml:curveMember references or contains one curve, i.e. any element which is substitutable for
gml :AbstractCurve. In the context of a ring, the curves describe the boundary of the surface. The sequence of

curves shall be contiguous and connected in a cycle.

If provided, the aggregationType attribute shall have the value “sequence”.
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NOTE This definition allows for a nested structure, i.e. a gml : curveMember may be a gml : CompositeCurve which in
turn may be constructed from other gm1 : CompositeCurves 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 component of
a surface boundary.

10.5.11.3 PolyhedralSurface

<element name="PolyhedralSurface" type="gml:SurfaceType" substitutionGroup="gml:Surface"/>

gml:PolyhedralSurface implements ISO 19107 GM_PolyhedralSurface (see D.2.3.4 and ISO 19107:2003,
6.4.35).

A polyhedral surface is a surface composed of polygon patches connected along their common boundary curves.
gml :patches encapsulates the polygon patches of the polyhedral surface. All patches shall be polygon 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.

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:LineStringSegmentArrayProperty Type" minOccurs="0"
maxOccurs="unbounded"/>
<element name="maxLength" type="gml:LengthType"/>
<element name="controlPoint">
<complexType>
<choice>
<element ref="gml:posList"/>
<group ref="gml:geometricPositionGroup" minOccurs="3"
maxOccurs="unbounded"/>
</choice>
</complexType>
</element>
</sequence>
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</extension>
</complexContent>
</complexType>
<element name="Tin" type="gml:TinType" substitutionGroup="gml:TriangulatedSurface"/>

gml:Tin implements ISO 19107 GM_Tin (see D.2.3.4 and ISO 19107:2003, 6.4.39).

A tin is a triangulated surface that uses the Delauny algorithm or a similar algorithm complemented with
consideration of stoplines (gml:stopLines), breaklines (gml:breakLines), and maximum length of triangle
sides (gml :maxLength). gml:controlPoint shall contain a set of the positions (three or more) used as posts
for this TIN (corners of the triangles in the TIN). See ISO 19107:2003, 6.4.39 for details.

10.5.11.6 LineStringSegmentArrayPropertyType

<complexType name="LineStringSegmentArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:LineStringSegment" />
</sequence>
</complexType>

gml:LineStringSegmentArrayPropertyType provides a container for line strings.
10.5.12 Surface patches
10.5.12.1 AbstractSurfacePatchType, gml : AbstractSurfacePatch

<complexType name="AbstractSurfacePatchType" abstract="true" />

<element name="AbstractSurfacePatch" type="gml:AbstractSurfacePatchType" abstract="true" />

A surface patch defines a homogenous portion of a surface.

gml :AbstractSurfacePatch implements ISO 19107 GM_SurfacePatch (see D.2.3.4 and I1SO 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:SurfaceInterpolationType (see 10.5.12.3).

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.
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10.5.12.3 SurfaceinterpolationType

<simpleType name="SurfacelnterpolationType">
<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>

gml:SurfaceInterpolationType is a list of codes that may be used to identify the interpolation mechanisms
specified by an application schema.

This 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" />
<element ref="gml:interior" minOccurs="0" maxOccurs="unbounded" />
</sequence>
<attribute name="interpolation" type="gml:SurfacelnterpolationType" fixed="planar" />
</extension>
</complexContent>
</complexType>

<element name="PolygonPatch" type="gml:PolygonPatchType" substitutionGroup="gml:AbstractSurfacePatch" />

gml:PolygonPatch implements ISO 19107 GM_Polygon (see D.2.3.4 and ISO 19107:2003, 6.4.36).

A gml:PolygonPatch 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>
<element ref="gml:exterior" />
</sequence>
<attribute name="interpolation" type="gml:SurfacelnterpolationType" fixed="planar" />
</extension>
</complexContent>
</complexType>
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<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 be four.

The ring (element gml :exterior) shall be a gml:LinearRing and shall form a triangle, the first and the last
position shall be coincident.

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.

10.5.12.6 RectangleType, Rectangle

<complexType name="RectangleType">
<complexContent>
<extension base="gml:AbstractSurfacePatchType">
<sequence>
<element ref="gml:exterior" />
</sequence>
<attribute name="interpolation" type="gml:SurfacelnterpolationType" fixed="planar" />
</extension>
</complexContent>
</complexType>

<element name="Rectangle" type="gml:RectangleType" substitutionGroup="gml:AbstractSurfacePatch" />

gml :Rectangle represents a rectangle 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 be five.

NOTE While conceptually a rectangle is a subtype of a polygon, defining gml:RectangleType as a type derived by
restriction from gml:PolygonType is problematic due to the way the restriction construct is defined in XML Schema and has
thus been avoided in this case.

The ring (element gml:exterior) shall be a gml : LinearRing and shall form a rectangle; the first and the last
position shall be coincident.

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.

10.5.12.7 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>
</sequence>
</group>
gml:PointGrid implements ISO 19107 GM_PointGrid (see D.2.3.4 and ISO 19107:2003, 6.4.6).
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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>
<extension base="gml:AbstractSurfacePatchType">
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="AbstractParametricCurveSurface" type="gml:AbstractParametricCurveSurfaceType" abstract="true"
substitutionGroup="gml:AbstractSurfacePatch"/>

gml :AbstractParametricCurveSurface 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 parametric curves. All
properties are specified in the derived subtypes. All derived subtypes shall conform to the constraints specified in
ISO 19107:2003, 6.4.40.

If provided, the aggregationType attribute shall have the value “set”.

10.5.12.9 AbstractGriddedSurfaceType, AbstractGriddedSurface

<complexType name="AbstractGriddedSurfaceType" abstract="true">
<complexContent>
<extension base="gml:AbstractParametricCurveSurfaceType">
<sequence>
<group ref="gml:PointGrid"/>
</sequence>
<attribute name="rows" type="integer"/>
<attribute name="columns" type="integer"/>
</extension>
</complexContent>
</complexType>

<element name="AbstractGriddedSurface" type="gml:AbstractGriddedSurfaceType" abstract="true"
substitutionGroup="gml:AbstractParametricCurveSurface"/>

gml :AbstractGriddedSurface implements [ISO 19107 GM_GriddedSurface (see D.2.3.4 and
ISO 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 element provides a substitution group head for the surface patches based on a grid. All derived subtypes
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="linear"/>
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</extension>
</complexContent>
</complexType>

<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, gmiCylinder

<complexType name="CylinderType">
<complexContent>
<extension base="gml:AbstractGriddedSurfaceType">
<attribute name="horizontalCurveType" type="gml:CurvelnterpolationType"
fixed="circularArc3Points"/>
<attribute name="verticalCurveType" type="gml:CurvelnterpolationType"
fixed="linear"/>
</extension>
</complexContent>
</complexType>

<element name="Cylinder" type="gml:CylinderType" substitutionGroup="gml:AbstractGriddedSurface"/>

gml:Cylinder implements ISO 19107 GM_Cylinder (see D.2.3.4 and ISO 19107:2003, 6.4.43).

10.5.12.12 SphereType, Sphere

<complexType name="SphereType">
<complexContent>
<extension base="gml:AbstractGriddedSurfaceType">
<attribute name="horizontalCurveType" type="gml:CurvelnterpolationType"
fixed="circularArc3Points"/>
<attribe name="verticalCurveType" type="gml:CurvelnterpolationType"
fixed="circularArc3Points"/>
</extension>
</complexContent>
</complexType>

<element name="Sphere" type="gml:SphereType" substitutionGroup="gml:AbstractGriddedSurface"/>

gml:Sphere implements ISO 19107 GM_Sphere (see D.2.3.4 and ISO 19107:2003, 6.4.44).

10.6 Geometric primitives (3-dimensional)
10.6.1 AbstractSolidType, AbstractSolid

<complexType name="AbstractSolidType">
<complexContent>
<extension base="gml:AbstractGeometricPrimitive Type"/>
</complexContent>
</complexType>

<element name="AbstractSolid" type="gml:AbstractSolidType" abstract="true"
substitutionGroup="gml:AbstractGeometricPrimitive" />

gml :AbstractSolidType is an abstraction of a solid to support the different levels of complexity. The solid may
always be viewed as a geometric primitive, i.e. is contiguous.
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The gml:AbstractSolid element is the abstract head of the substitution group for all (continuous) solid
elements.

10.6.2 SolidPropertyType, solidProperty

<complexType name="SolidProperty Type">
<sequence minOccurs="0">
<element ref="gml:AbstractSolid"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

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 gm1 : AbstractSolid.

10.6.3 SolidArrayPropertyType, solidArrayProperty

<complexType name="SolidArrayProperty Type">
<sequence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractSolid" />
</sequence>
<attributeGroup ref="gml:OwnershipAttribute Group"/>
</complexType>

gml:SolidArrayPropertyType is a container for an array of solids. The elements are always contained in the
array property, referencing geometry elements or arrays of geometry elements is not supported.

<element name="solidArrayProperty" type="gml:SolidArrayPropertyType"/>

This property element contains a list of solid elements. solidArrayProperty 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 a list of gml :AbstractSolid.

10.6.4 SolidType, Solid

<complexType name="SolidType">
<complexContent>
<extension base="gml:AbstractSolidType">
<sequence>
<element name="exterior" type="gml:ShellPropertyType" minOccurs="0"/>
<element name="interior" type="gml:ShellProperty Type" minOccurs="0"
maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>

<element name="Solid" type="gml:SolidType" substitutionGroup="gml:AbstractSolid" />
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gml:Solid implements ISO 19107 GM_Solid (see D.2.3.3 and ISO 19107:2003, 6.3.18).

A solid is the basis for 3-dimensional geometry. The extent of a solid is defined by the boundary surfaces as
specified in ISO 19107:2003, 6.3.18. gml:exterior specifies the outer boundary, gml:interior the inner
boundary of the solid.

10.6.5 ShellType, Shell

<complexType name="ShellType">
<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:SurfaceProperty Type"/>

gml:Shell implements ISO 19107 GM_Shell (see D.2.3.3 and ISO 19107:2003, 6.3.8).

A shell is used to represent a single connected component of a solid boundary as specified in ISO 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 may be a gml:CompositeSurface
which in turn may be constructed from other gm1 : CompositeSurfaces as a surface members.

10.6.6 ShellPropertyType

<complexType name="ShellProperty Type">
<sequence>
<element ref="gml:Shell"/>
</sequence>
</complexType>

A property with the content model of gml:ShellPropertyType encapsulates a shell to represent a component
of a solid boundary.

11 GML schema — Geometric complex, geometric composites and geometric
aggregates

11.1 Overview

This clause describes the geometry schema components for geometric complexes and aggregates.

NOTE The geometry schema documents, geometryAggregates.xsd and geometryComplexes.xsd (see Annex C), are
identified by the following location-independent name (using URN syntax):
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urn:x-ogc:specification:gml:schema-xsd:geometryAggregates:3.2.1
urn:x-ogc:specification:gml:schema-xsd:geometryComplexes:3.2.1

Geometric aggregates (i.e. instances of a subtype of gml :AbstractGeometricAggregateType) are arbitrary
aggregations of geometry elements. They are not assumed to have any additional internal structure and are used
to "collect" pieces of geometry of a specified type. Application schemas may use aggregates for features that use
multiple geometric objects in their representations.

Geometric complexes (i.e. instances of gml:GeometricComplexType) are closed collections of geometric
primitives, i.e. they will contain their boundaries.

A geometric complex (gml:GeometricComplex) is defined by ISO 19107:2003, 6.6.1 as “a set of primitive
geometric objects (in a common coordinate system) whose interiors are disjoint. Further, if a primitive is in a
geometric complex, then there exists a set of primitives in that complex whose point-wise union is the boundary of
this first primitive.”

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 I1ISO 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.

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:GeometricComplexType"
substitutionGroup="gml:AbstractGeometry" />

gml :GeometricComplex implements ISO 19107 GM_Complex (see ISO 19107:2003, 6.6.2 and 6.6.1) as
specified in D.2.3.6.

gml :element references or contains inline one geometric primitive (this includes composite geometries).

11.2.1.2 GeometricComplexPropertyType

<complexType name="GeometricComplexPropertyType">
<sequence minOccurs="0">
<choice>
<element ref="gml:GeometricComplex"/>
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<element ref="gml:CompositeCurve"/>
<element ref="gml:CompositeSurface"/>
<element ref="gml:CompositeSolid"/>
</choice>

</sequence>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>

<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

A property that has a geometric complex 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.

NOTE The allowed geometry elements contained in such a property (or referenced by it) are modelled by an XML
Schema choice element since the composites (conceptually) inherit both from geometric complex and geometric primitive and
are already part of the gm1 : AbstractGeometricPrimitive substitution group.

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 gml:Points are included. Thus the "member”
properties in gml:CompositeCurve, gml:CompositeSurface and gml:CompositeSolid represent a
subset of the gml :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.

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>

<element name="CompositeCurve" type="gml:CompositeCurveType" substitutionGroup="gml:AbstractCurve" />

gml :CompositeCurve implements ISO 19107 GM_CompositeCurve (see ISO 19107:2003, 6.6.5) as specified
in D.2.3.6.

A gml:CompositeCurve is represented by a sequence of (orientable) curves such that each curve in the
sequence terminates at the start point of the subsequent curve in the list.

gml : curveMember references or contains inline one curve in the composite curve.
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The curves are contiguous, the collection of curves is ordered. Therefore, if provided, the aggregationType
attribute shall have the value “sequence”.

NOTE This definition allows for a nested structure, i.e. a gml:CompositeCurve may use, for example, another
gml:CompositeCurve as a curve member.

11.2.2.3 CompositeSurfaceType, CompositeSurface

<complexType name="CompositeSurfaceType">
<complexContent>
<extension base="gml:AbstractSurfaceType">
<sequence>
<element ref="gml:surfaceMember" maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="CompositeSurface" type="gml:CompositeSurfaceType" substitutionGroup="gml:AbstractSurface" />

gml:CompositeSurface implements ISO 19107 GM_CompositeSurface (see ISO 19107:2003, 6.6.6) as
specified in D.2.3.6.

A gml:CompositeSurface is represented by a set of orientable surfaces. It is a geometry type with all the
geometric properties of a (primitive) surface. Essentially, a composite surface is a collection of surfaces that join in
pairs on common boundary curves and which, when considered as a whole, form a single surface.

gml : surfaceMember references or contains inline one surface in the composite surface.

The surfaces are contiguous.

NOTE This definition allows for a nested structure, i.e. a gml:CompositeSurface may use, for example, another
gml:CompositeSurface as a surface member.

11.2.2.4 CompositeSolidType, CompositeSolid

<complexType name="CompositeSolidType">
<complexContent>
<extension base="gml:AbstractSolidType">
<sequence>
<element ref="gml:solidMember" maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="CompositeSolid" type="gml:CompositeSolidType" substitutionGroup="gml:AbstractSolid" />

gml:CompositeSolid implements ISO 19107 GM_CompositeSolid (see ISO 19107:2003, 6.6.7) as specified in
D.2.3.6.

A gml:CompositeSolid is represented by a set of orientable surfaces. It is a geometry type with all the

geometric properties of a (primitive) solid. Essentially, a composite solid is a collection of solids that join in pairs
on common boundary surfaces and which, when considered as a whole, form a single solid.
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gml :solidMember references or contains one solid in the composite solid. The solids are contiguous.

NOTE This definition allows for a nested structure, i.e. a gml:CompositeSolid may use, for example, another
gml:CompositeSolid as a member.

11.3 Geometric aggregates
11.3.1 Aggregates of unspecified dimensionality
11.3.1.1 AbstractGeometricAggregateType, AbstractGeometricAggregate

<complexType name="AbstractGeometricAggregate Type" abstract="true">
<complexContent>
<extension base="gml:AbstractGeometryType">
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="AbstractGeometricAggregate" type="gml:AbstractGeometricAggregateType" abstract="true"
substitutionGroup="gml:AbstractGeometry" />

gml :AbstractGeometricAggregate implements ISO 19107 GM_Aggregate (see I1ISO 19107:2003, 6.5.2) as
specified in D.2.3.5. It is the abstract head of the substitution group for all geometric aggregates.

11.3.1.2 MultiGeometryType, MultiGeometry, geometryMember, geometryMembers

<complexType name="MultiGeometryType">
<complexContent>
<extension base="gml:AbstractGeometricAggregateType">
<sequence>
<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.

<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.
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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 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="multiGeometryProperty" type="gml:MultiGeometryProperty Type" />

This property 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 used by GML
application schemas whenever a GML feature has a property with a value that is substitutable for
gml :AbstractGeometricAggregate.

11.3.2 0-Dimensional aggregates
11.3.2.1 MultiPointType, MultiPoint, pointMember, pointMembers

<complexType name="MultiPointType">
<complexContent>
<extension base="gml:AbstractGeometricAggregateType">
<sequence>
<element ref="gml:pointMember" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:pointMembers" minOccurs="0" />
</sequence>
</extension>
</complexContent>
</complexType>

<element name="MultiPoint" type="gml:MultiPointType" substitutionGroup="gml:AbstractGeometricAggregate" />

gml:MultiPoint implements ISO 19107 GM_MultiPoint (see ISO 19107:2003, 6.5.4) as specified in D.2.3.5. A
gml :MultiPoint consists of one or more gml:Points.

The members of the geometric aggregate may be specified either using the "standard" property
(gml:pointMember) or the array property (gml:pointMembers). 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="pointMember" type="gml:PointProperty Type" />

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.
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11.3.2.2 MultiPointPropertyType, multiPointProperty

<complexType name="MultiPointPropertyType">
<sequence minOccurs="0">
<element ref="gml:MultiPoint"/>
</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 "multi point"
element. gml:multiPointProperty 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 :MultiPoint.

11.3.3 1-Dimensional aggregates
11.3.3.1  MultiCurveType, multiCurve, curveMembers

<complexType name="MultiCurveType">
<complexContent>
<extension base="gml:AbstractGeometricAggregate Type">
<sequence>
<element ref="gml:curveMember" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:curveMembers" minOccurs="0" />
</sequence>
</extension>
</complexContent>
</complexType>

<element name="MultiCurve" type="gml:MultiCurveType" substitutionGroup="gml:AbstractGeometricAggregate" />

gml:MultiCurve implements ISO 19107 GM_MultiCurve (see ISO 19107:2003, 6.5.5) as specified in D.2.3.5. A
gml: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.

NOTE 1 Array properties cannot reference remote geometry elements via XLinks.

<element name="curveMembers" type="gml:CurveArrayPropertyType" />

This property element contains a list of curves. The order of the elements is significant and shall be preserved
when processing the array.

NOTE 2 gml:curveMember is declared in 10.5.11.1.
11.3.3.2 MultiCurvePropertyType, multiCurveProperty

<complexType name="MultiCurvePropertyType">
<sequence minOccurs="0">
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<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:MultiCurveProperty Type" />

This property element either references a curve aggregate via the XLink-attributes or contains the "multi curve"
element. gml:multiCurveProperty 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 :MultiCurve.

11.3.4 2-Dimensional aggregates
11.3.4.1 MultiSurfaceType, MultiSurface, surfaceMember, surfaceMembers

<complexType name="MultiSurfaceType">
<complexContent>
<extension base="gml:AbstractGeometricAggregateType">
<sequence>
<element ref="gml:surfaceMember" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:surfaceMembers" minOccurs="0" />
</sequence>
</extension>
</complexContent>
</complexType>

<element name="MultiSurface" type="gml:MultiSurfaceType"
substitutionGroup="gml:AbstractGeometricAggregate" />

gml:MultiSurface implements ISO 19107 GM_MultiSurface (see ISO 19107:2003, 6.5.6) as specified in
D.2.3.5. Agml:MultiSurface is defined by one or more gml : AbstractSurfaces.

The members of the geometric aggregate may be specified either using the "standard" property
(gml:surfaceMember) or the array property (gml: surfaceMembers). 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="surfaceMember" type="gml:SurfacePropertyType" />

This property element either references a surface via the XLink-attributes or contains the surface element. A
surface element is any element, which is substitutable for gm1 : AbstractSurface.

<element name="surfaceMembers" type="gml:SurfaceArrayPropertyType" />

This property element contains a list of surfaces. The order of the elements is significant and shall be preserved
when processing the array.

11.3.4.2 MultiSurfacePropertyType, multiSurfaceProperty

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

A property that has a collection of surfaces 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="multiSurfaceProperty" type="gml:MultiSurfacePropertyType" />

This property element either references a surface aggregate via the XLink-attributes or contains the "multi
surface" element. gml: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.

11.3.5 3-Dimensional aggregates
11.3.5.1 MultiSolidType, MultiSolid, solidMember, solidMembers

<complexType name="MultiSolidType">
<complexContent>
<extension base="gml:AbstractGeometricAggregate Type">
<sequence>
<element ref="gml:solidMember" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:solidMembers" minOccurs="0" />
</sequence>
</extension>
</complexContent>
</complexType>

<element name="MultiSolid" type="gml:MultiSolidType" substitutionGroup="gml:AbstractGeometricAggregate" />

gml:MultiSolid implements ISO 19107 GM_MultiSolid (see ISO 19107:2003, 6.5.7) as specified in D.2.3.5. A
gml:MultiSolid is defined by one or more gml : AbstractSolids.

The members of the geometric aggregate may be specified either using the "standard" property
(gml:solidMember) or the array property (gml:solidMembers). 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="solidMember" type="gml:SolidPropertyType" />

This property element either references a solid via the XLink-attributes or contains the solid element. A solid
element is any element, which is substitutable for gml : AbstractSolid.

<element name="solidMembers" type="gml:SolidArrayProperty Type" />

This property element contains a list of solids. The order of the elements is significant and shall be preserved
when processing the array.

11.3.5.2 MultiSolidPropertyType, multiSolidProperty

<complexType name="MultiSolidProperty Type">
<sequence minOccurs="0">
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<element ref="gml:MultiSolid"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttribute Group"/>
</complexType>

A property that has a collection of solids 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="multiSolidProperty" type="gml:MultiSolidPropertyType" />

This property element either references a solid aggregate via the XLink-attributes or contains the "multi solid"
element. gml:multiSolidProperty 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 :MultiSolid.

12 GML schema — Coordinate reference systems schemas
12.1 Overview
12.1.1 Introduction

This clause describes the GML schema components for encoding the definitions of coordinate reference systems
and coordinate operations, explaining their contents, structure, and dependencies.

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. The relationship is discussed in detail in D.2.7. Additional
components for temporal reference systems are specified in D.3.9.

The I1ISO 19111 types implemented in GML are specified in ISO 19111; some additional constraints are specified
in ISO 19111 for these types, which are also constraints on the schema components of the GML schema.

NOTE The corresponding five schema documents are referenceSystems.xsd, coordinateReferenceSystems.xsd,
datums.xsd, coordinateSystems.xsd, and coordinateOperations.xsd. These schema documents implement the UML package
with a similar name in the conceptual model.

12.1.3 Important XML elements

These XML Schema components encode definition data for both Coordinate Reference Systems (CRSs) and
Coordinate Operations (including coordinate Transformations and Conversions). This definition data includes
identification and specification data, both included as needed. See ISO 19111 for the semantics of the schema
components.

The specified XML encoding includes multiple alternative top-level XML elements that can be used where needed.
(That is, there is not a single top-level element that may be the basis for all XML documents.) Most of these top-
level XML elements are GML objects that include identification information, allowing it to be referenced. The
alternative top-level XML elements include:

— All concrete XML elements in the substitution group headed by the abstract SingleCRS XML element. These
elements may each be used to transfer the definition of one coordinate reference system of that type. These
eight concrete XML elements are named:

— CompoundCRS
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— GeodeticCRS
— ProjectedCRS
— EngineeringCRS
— ImageCRS
— VerticalCRS
— TemporalCRS
— DerivedCRS
— All concrete XML elements that are substitutable for the abstract CoordinateOperation XML element, namely:
— ConcatenatedOperation
— PassThroughOperation
— 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
— 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:

— EllipsoidalCS
— VerticalCS
— CartesianCS
— AffineCS

— LinearCS

— PolarCS

Copyright © 2007,2018 Open Geospatial Consortium, Inc. All Rights Reserved. 97



OGC 07-036r1

— SphericalCS
— CylindricalCS
— TimeCS

— UserDefinedCS

The concrete XML elements that are substitutable for the CoordinateOperation element use multiple lower-level
elements containing data structures, including the elements named:

— OperationMethod

— OperationParameter

— OperationParameterGroup
— ParameterValue

— ParameterValueGroup
12.2 Reference systems
12.2.1 Overview

The reference systems schema components have two logical parts, which define elements and types for XML
encoding of the definitions of:

— lIdentified 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.

NOTE The referenceSystems schema includes the dictionary.xsd GML schema document, and imports the
metadataEntitySet.xsd schema document from ISO 19139. This schema document is identified by the following location-
independent name (using URN syntax):

urn:x-ogc:specification:gml:schema-xsd:referenceSystems:3.2.1
12.2.2 IdentifiedObjectType

<complexType name="ldentifiedObjectType" 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.
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Zero or more of the gm1 : name elements can be an unordered set of "identifiers", encoding the "identifier" attribute
in the UML model. Each of these gml : name elements can reference elsewhere the object's defining information
or be an identifier by which this object can be referenced.

Zero or more other gml : name elements can be an unordered set of "alias" alternative names by which this CRS
related object is identified, encoding the "alias" attributes in the UML model. An object may have several aliases,
typically used in different contexts. The context for an alias is indicated by the value of its (optional) codeSpace
attribute.

Any needed version information shall be included in the codeSpace attribute of a gml:identifier and
gml :name elements. In this use, the gml:remarks element in the gml:DefinitionType shall contain
comments on or information about this object, including data source information.

12.2.3 Abstract coordinate reference system
12.2.3.1 AbstractCRS

<element name="AbstractCRS" type="gml:AbstractCRSType" abstract="true" substitutionGroup="gml:Definition"/>

<complexType name="AbstractCRSType" abstract="true">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:domainOfValidity" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:scope" maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml : AbstractCRS specifies a coordinate reference system which is usually single but may be compound. 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.

12.2.3.2 domainOfValidity

<element name="domainOfValidity">
<complexType>
<sequence minOccurs="0">
<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.

12.3 Coordinate reference systems
12.3.1 Overview

The spatial-temporal coordinate reference systems schema components are divided into two logical parts. One
part defines elements and types for XML encoding of abstract coordinate reference systems definitions. The
larger part defines specialized constructs for XML encoding of definitions of the multiple concrete types of spatial-
temporal coordinate reference system.

These schema components encode the Coordinate Reference System packages of the UML Models of
ISO 19111:2007, Clause 8, and D.3.9 of this International Standard, with the exception of the abstract "SC_CRS"
class.

NOTE The coordinateReferenceSystems schema document includes the coordinateSystems.xsd, datums.xsd, and
coordinateOperations.xsd GML schema documents. This schema document is identified by the following location-independent
name (using URN syntax):

urn:x-ogc:specification:gml:schema-xsd:coordinateReferenceSystems:3.2.1
12.3.2 Abstract coordinate reference systems

12.3.2.1 AbstractSingleCRS

<element name="AbstractSingleCRS" type="gml:AbstractCRSType" abstract="true"
substitutionGroup="gml:AbstractCRS"/>

gml:AbstractSingleCRS implements a coordinate reference system consisting of one coordinate system and
one datum (as opposed to a Compound CRS).

12.3.2.2 SingleCRSPropertyType

<complexType name="SingleCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractSingleCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:SingleCRSPropertyType is a property type for association roles to a single coordinate reference system,
either referencing or containing the definition of that coordinate reference system.

12.3.2.3 AbstractGeneralDerivedCRS

<element name="AbstractGeneralDerivedCRS" type="gml:AbstractGeneralDerivedCRSType" abstract="true"
substitutionGroup="gml:AbstractSingleCRS"/>
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<complexType name="AbstractGeneralDerivedCRSType" abstract="true">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<element ref="gml:conversion"/>
</sequence>
</extension>
</complexContent>
</complexType>

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:GeneralConversionProperty Type"/>

gml : conversion is an association role to the coordinate conversion used to define the derived CRS.

12.3.3 Concrete coordinate reference systems
12.3.3.1 CompoundCRS

<element name="CompoundCRS" type="gml:CompoundCRSType" substitutionGroup="gml:AbstractCRS"/>

<complexType name="CompoundCRSType">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<element ref="gml:componentReferenceSystem" minOccurs="2" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

gml:CompundCRS is a coordinate reference system describing the position of points through two or more
independent coordinate reference systems. It is associated with a non-repeating sequence of two or more
instances of SingleCRS.

12.3.3.2 ComponentReferenceSystem

<element name="componentReferenceSystem" type="gml:SingleCRSPropertyType"/>

The gml:componentReferenceSystem elements are an ordered sequence of associations to all the
component coordinate reference systems included in this compound coordinate reference system. The
gml :AggregationAttributeGroup should be used to specify that the gml:componentReferenceSystem
properties are ordered.

12.3.3.3 CompoundCRSPropertyType

<complexType name="CompoundCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:CompoundCRS"/>
</sequence>
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<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml : CompoundCRSPropertyType is a property type for association roles to a compound coordinate reference
system, either referencing or containing the definition of that reference system.

12.3.3.4 GeodeticCRS

<element name="GeodeticCRS" type="gml:GeodeticCRSType" substitutionGroup="gml:AbstractSingleCRS"/>
<complexType name="GeodeticCRSType">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<choice>
<element ref="gml:ellipsoidalCS"/>
<element ref="gml:cartesianCS"/>
<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:EllipsoidalCSProperty Type"/>
gml:ellipsoidalcCs is an association role to the ellipsoidal coordinate system used by this CRS.
12.3.3.6 cartesianCS
<element name="cartesianCS" type="gml:CartesianCSProperty Type"/>
gml:cartesianCs is an association role to the Cartesian coordinate system used by this CRS.
12.3.3.7 sphericalCS
<element name="sphericalCS" type="gml:Spherical CSPropertyType"/>
gml:sphericalCs is an association role to the spherical coordinate system used by this CRS.
12.3.3.8 geodeticDatum
<element name="geodeticDatum" type="gml:GeodeticDatumPropertyType"/>
gml :geodeticDatum is an association role to the geodetic datum used by this CRS.
12.3.3.9 GeodeticCRSPropertyType

<complexType name="GeodeticCRSProperty Type">
<sequence minOccurs="0">
<element ref="gml:GeodeticCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
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</complexType>

gml :GeodeticCRSPropertyType is a property type for association roles to a geodetic coordinate reference
system, either referencing or containing the definition of that reference system.

12.3.3.10 VerticalCRS

<element name="Vertical CRS" type="gml:Vertical CRSType" substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="Vertical CRSType">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<element ref="gml:verticalCS"/>
<element ref="gml:verticalDatum"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml:VerticalCRS 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.

12.3.3.11 verticalCS

<element name="verticalCS" type="gml:Vertical CSProperty Type"/>

gml:verticalCsS is an association role to the vertical coordinate system used by this CRS.
12.3.3.12 verticalDatum

<element name="verticalDatum" type="gml:VerticalDatumProperty Type"/>

gml:verticalDatum is an association role to the vertical datum used by this CRS.

12.3.3.13 Vertical CRSPropertyType

<complexType name="Vertical CRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:Vertical CRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:VerticalCRSPropertyType is a property type for association roles to a vertical coordinate reference
system, either referencing or containing the definition of that reference system.

12.3.3.14 ProjectedCRS

<element name="ProjectedCRS" type="gml:ProjectedCRSType"
substitutionGroup="gml:AbstractGeneralDerivedCRS"/>

<complexType name="ProjectedCRSType">

<complexContent>
<extension base="gml:AbstractGeneralDerivedCRSType">
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<sequence>
<choice>
<element ref="gml:baseGeodeticCRS"/>
<element ref="gml:base GeographicCRS"/>
</choice>
<element ref="gml:cartesianCS"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml:ProjectedCRS is a 2D coordinate reference system used to approximate the shape of the Earth on a
planar surface, but in such a way that the distortion that is inherent to the approximation is carefully controlled and
known. Distortion correction is commonly applied to calculated bearings and distances to produce values that are
a close match to actual field values.

12.3.3.15 baseGeodeticCRS

<element name="baseGeodeticCRS" type="gml:GeodeticCRSPropertyType"/>

gml :baseGeodeticCRS is an association role to the geodetic coordinate reference system used by this
projected CRS.

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.

12.3.3.17 DerivedCRS

<element name="DerivedCRS" type="gml:DerivedCRSType" substitutionGroup="gml:AbstractGeneralDerivedCRS"/>

<complexType name="DerivedCRSType">
<complexContent>
<extension base="gml:AbstractGeneralDerivedCRSType">
<sequence>
<element ref="gml:baseCRS"/>
<element ref="gml:derivedCRSType"/>
<element ref="gml:coordinateSystem"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml:DerivedCRS is a single coordinate reference system that is defined by its coordinate conversion from
another single coordinate reference system known as the base CRS. The base CRS can be a projected
coordinate reference system, if this DerivedCRS is used for a georectified grid coverage as described in
ISO 19123:2005, Clause 8.
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12.3.3.18 baseCRS

<element name="baseCRS" type="gml:SingleCRSPropertyType"/>

gml :baseCRS is an association role to the coordinate reference system used by this derived CRS.

12.3.3.19 derivedCRSType

<element name="derivedCRSType" type="gml:CodeWithAuthorityType"/>

The gml:derivedCRSType property describes the type of a derived coordinate reference system. The required
codeSpace attribute shall reference a source of information specifying the values and meanings of all the allowed
string values for this property.

12.3.3.20 coordinateSystem

<element name="coordinateSystem" type="gml:CoordinateSystemProperty Type"/>

gml :usesCS is an association role to the coordinate system used by this CRS.

12.3.3.21 DerivedCRSPropertyType

<complexType name="DerivedCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:DerivedCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:DerivedCRSPropertyType is a property type for association roles to a non-projected derived coordinate
reference system, either referencing or containing the definition of that reference system.

12.3.3.22 EngineeringCRS

<element name="EngineeringCRS" type="gml:EngineeringCRSType" substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="EngineeringCRSType">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<choice>
<element ref="gml:affineCS"/>
<element ref="gml:cartesianCS"/>
<element ref="gml:cylindricalCS"/>
<element ref="gml:linearCS"/>
<element ref="gml:polarCS"/>
<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:
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— Earth-fixed systems applied to engineering activities on or near the surface of the Earth;
— CRSs on moving platforms such as road vehicles, vessels, aircraft, or spacecraft, see ISO 19111:2007, 8.3.
12.3.3.23 cylindricalCS

<element name="cylindricalCS" type="gml:Cylindrical CSProperty Type"/>

gml:cylindricalCs is an association role to the cylindrical coordinate system used by this CRS.
12.3.3.24 linearCS

<element name="linearCS" type="gml:LinearCSPropertyType"/>

gml:linearCsS is an association role to the linear coordinate system used by this CRS.
12.3.3.25 polarCS

<element name="polarCS" type="gml:PolarCSPropertyType"/>

gml :polarCs is an association role to the polar coordinate system used by this CRS.
12.3.3.26 userDefinedCS

<element name="userDefinedCS" type="gml:UserDefinedCSProperty Type"/>

gml :userDefinedCs is an association role to the user defined coordinate system used by this CRS.
12.3.3.27 engineeringDatum

<element name="engineeringDatum" type="gml:EngineeringDatumPropertyType"/>

gml:engineeringDatum is an association role to the engineering datum used by this CRS.
12.3.3.28 EngineeringCRSPropertyType

<complexType name="EngineeringCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:EngineeringCRS"/>
</sequence>
<attributeGroup 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

<element name="ImageCRS" type="gml:ImageCRSType" substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="ImageCRSType">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<choice>
<element ref="gml:cartesianCS"/>
<element ref="gml:affineCS"/>
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<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.

12.3.3.30 affineCS

<element name="affineCS" type="gml:AffineCSPropertyType"/>

gml:affineCS is an association role to the affine coordinate system used by this CRS.
12.3.3.31 imageDatum

<element name="imageDatum" type="gml:ImageDatumProperty Type"/>

gml: imageDatum is an association role to the image datum used by this CRS.
12.3.3.32 ImageCRSPropertyType

<complexType name="ImageCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:ImageCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml: ImageCRSPropertyType is a property type for association roles to an image coordinate reference system,
either referencing or containing the definition of that reference system.

12.3.3.33 TemporalCRS

<element name="TemporalCRS" type="gml:Temporal CRSType" substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="Temporal CRSType">
<complexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<choice>
<element ref="gml:timeCS"/>
<element ref="gml:usesTemporalCS"/>
</choice>
<element ref="gml:temporalDatum"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml: TemporalCRS is a 1D coordinate reference system used for the recording of time.
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12.3.3.34 timeCS

<element name="timeCS" type="gml:TimeCSPropertyType"/>

gml:timeCS is an association role to the time coordinate system used by this CRS.

12.3.3.35 temporalDatum

<element name="temporalDatum" type="gml:TemporalDatumProperty Type"/>

gml: temporalDatum is an association role to the temporal datum used by this CRS.

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 coordinate systems schema components can be divided into three logical parts, which define elements and
types for XML encoding of the definitions of:

— coordinate system axes;
— abstract coordinate system;
— multiple concrete types of spatial-temporal coordinate system.

These schema components encode the Coordinate System packages of the UML Models of ISO 19111:2007,
Clause 9, and D.3.9 of this International Standard.

NOTE The coordinateSystems schema document includes the referenceSystems.xsd GML schema document. This
schema is identified by the following location-independent name (using URN syntax):

urn:x-ogc:specification:gml:schema-xsd:coordinateSystems:3.2.1
12.4.2 Coordinate system axes

12.4.2.1 CoordinateSystemAxis

<element name="CoordinateSystemAxis" type="gml:CoordinateSystemAxisType'
substitutionGroup="gml:Definition"/>

<complexType name="CoordinateSystemAxisType">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:axisAbbrev"/>
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<element ref="gml:axisDirection"/>
<element ref="gml:minimumValue" minOccurs="0"/>
<element ref="gml:maximumValue" minOccurs="0"/>
<element ref="gml:rangeMeaning" minOccurs="0"/>

</sequence>

<attribute name="uom" type="gml:Uomldentifier" 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”.
12.4.2.3 axisDirection

<element name="axisDirection" type="gml:CodeWithAuthority Type”/>

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).

EXAMPLE Typical directions may 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 from this approximate
direction.

NOTE A gml :EngineeringCRS often requires specific descriptions of the directions of its coordinate system axes.

The codeSpace attribute shall reference a source of information specifying the values and meanings of all the
allowed string values for this property.

12.4.2.4 minimumValue, maximumValue, rangeMeaning

<element name="minimumValue" type="double"/>
<element name="maximumValue" type="double"/>

The gml :minimumValue and gml :maximumValue properties allow the specification of minimum and maximum
value normally allowed for this axis, in the unit of measure for the axis. For a continuous angular axis such as
longitude, the values wrap-around at this value. Also, values beyond this minimum/maximum can be used for
specified purposes, such as in a bounding box. A value of minus infinity shall be allowed for the
gml :minimumValue element, a value of plus infinity for the gml :maximumvalue element. If these elements are
omitted, the value is unspecified.

<element name="rangeMeaning" type="gml:CodeWithAuthorityType"/>

gml:rangeMeaning describes the meaning of axis value range specified by gml:minimumvValue and
gml :maximumValue. This element shall be omitted when both gml :minimumvValue and gml:maximumValue
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are omitted. This element should be included when gml:minimumValue and/or gml:maximumValue are
included. If this element is omitted when the gml :minimumValue and/or gml :maximumValue are included, the
meaning is unspecified. The codeSpace attribute shall reference a source of information specifying the values
and meanings of all the allowed string values for this property.

12.4.2.5 uom

The uom attribute provides an identifier of the unit of measure used for this coordinate system axis. The value of
this coordinate in a coordinate tuple shall be recorded using this unit of measure, whenever those coordinates use
a coordinate reference system that uses a coordinate system that uses this axis.

12.4.2.6 CoordinateSystemAxisPropertyType

<complexType name="CoordinateSystemAxisProperty Type">
<sequence minOccurs="0">
<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="gml:AbstractCoordinateSystemType" abstract="true"
substitutionGroup="gml:Definition"/>

<complexType name="AbstractCoordinateSystemType" abstract="true">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:axis" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

gml:AbstractCoordinateSystem is the non-repeating sequence of coordinate system axes that spans a
given coordinate space. A CS is derived from a set of mathematical rules for specifying how coordinates in a
given space are to be assigned to points. The coordinate values in a coordinate tuple shall be recorded in the
order in which the coordinate system axes associations are recorded. This abstract complex type shall not be
used, extended, or restricted, in an Application Schema, to define a concrete subtype with a meaning equivalent
to a concrete subtype specified in this document.

12.4.3.2 axis

<element name="axis" type="gml:CoordinateSystemAxisProperty Type"/>

The gml:axis property is an association role (ordered sequence) to the coordinate system axes included in this
coordinate system. The coordinate values in a coordinate tuple shall be recorded in the order in which the
coordinate system axes associations are recorded, whenever those coordinates use a coordinate reference
system that uses this coordinate system. The gml:AggregationAttributeGroup should be used to specify
that the axis objects are ordered.
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12.4.3.3 CoordinateSystemPropertyType

<complexType name="CoordinateSystemPropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractCoordinateSystem"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:CoordinateSystemPropertyType is a property type for association roles to a coordinate system, either
referencing or containing the definition of that coordinate system.

12.4.4 Concrete coordinate systems

12.4.41 EllipsoidalCS

<element name="EllipsoidalCS" type="gml:EllipsoidalCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="EllipsoidalCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>
</complexContent>
</complexType>

gml:EllipsoidalcCs 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>

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
<element name="CartesianCS" type="gml:CartesianCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>
<complexType name="CartesianCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>
</complexContent>

</complexType>

gml:CartesiancCs is a 1-, 2-, or 3-dimensional coordinate system. In the 1-dimensional case, it contains a
single straight coordinate axis. In the 2- and 3-dimensional cases gives the position of points relative to orthogonal
straight axes. In the multi-dimensional case, all axes shall have the same length unit of measure. A CartesianCS
shall have one, two, or three gm1 : axis property elements.

12.4.4.4 CartesianCSPropertyType

<complexType name="CartesianCSPropertyType">
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<sequence minOccurs="0">
<element ref="gml:CartesianCS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:CartesianCSPropertyType is a property type for association roles to a Cartesian coordinate system,
either referencing or containing the definition of that coordinate system.

12.4.4.5 VerticalCS

<element name="VerticalCS" type="gml:Vertical CSType" substituti