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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
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The Geography Markup Language (GML) was originally developed«within the Open Geospatial Conso

Inc. (OGC). |

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
bk of technical committees is to prepare International Standards. Draft International Stan
the technical committees are circulated to the member bodies for voting.-.Publication 2

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 211, Geographic information/Geomatics.

SO 19136 was prepared by ISO/TC 211 jointly with OGC.
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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.ipit
with @ location relative to the Earth. So a digital representation of the real world may be thought
features. The state of a feature is defined by a set of properties, where each property-may be th
{namg, type, value} triple.

s associated
bf as a set of
bught of as a

The pumber of properties a feature may have, together with their names and types, is determingd by its type

defin
featu
featu

tion. Geographic features with geometry are those with properties ¢hat' may be geome
e collection is a collection of features that may itself be regarded:as a feature; as a co
e collection has a feature type and thus may have distinct properties of its own, in ag

features it contains.

Following 1SO 19109, the feature types of an application orsapplication domain is usually ca
appli¢ation schema. A GML application schema is specified<in” XML Schema and can be const
different and alternative ways:

y adhering to the rules specified in ISO 19109-for application schemas in UML, and confo
e constraints on such schemas and the rules-for mapping them to GML application schen
in this International Standard;

y adhering to the rules for GML application schemas specified in this International Standar
GML application schema directlyin’XML Schema.

Both
framgwork of the ISO 19100 series of International Standards, all application schemas are ex
modglled in accordance wijth the General Feature Model as specified in ISO 19109. Within th
serieg, UML is the preferredlanguage by which to model conceptual schemas.

GML
the |
modq

specifies XML<encodings, conformant with 1ISO 19118, of several of the conceptual class
O 19100 sefies of International Standards and the OpenGIS Abstract Specification. Thes
Is include-those defined in:

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

ry-valued. A
nsequence a
dition to the

ptured in an
ructed in two

ming to both
nas specified

j for creating

ways are supported by this-International Standard. To ensure proper use of the conceptlial modelling

pected to be
e 1ISO 19100

bs defined in
e conceptual

ISO 19109 — Rules for application schemas (features);

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

ISO 19123 — Schema for coverage geometry and functions.

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

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,

© 1SO 2007 — All rights reserved
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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 1SO 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 ty

A coverage i
range of hon
features “to
phenomena”
from its rang

An observati

form of instrdment (Merriam-Webster Dictionary: “an act of recognizing and noting a fact or occurrence
asurement with instruments”). An observation is considered to"be a GML feature with a tifne at

involving me|
which the ob

A reference
descriptive q

A coordinate
a datum that

A temporal 1
duration.

A reference
geometries.

Spatial geon
in which the
geometric agd

Temporal ge

geometries indicate thestéemporal reference system in which their measurements have been made.

Spatial or ter

pes of geographic feature in GML include coverages and simple observations.

5 a subtype of feature that has a coverage function with a spatiotemporal domain and|a valu
nogeneous 1- to n-dimensional tuples. A coverage may represent one feature or.'a collect
model and make visible spatial relationships between, and the spatial distribution of,
(OGC Abstract Specification Topic 6 [20]) and a coverage “acts as a funétion to return v
b for any direct position within its spatiotemporal domain” (ISO 19123).

bn models the act of observing, often with a camera or some other procedure, a person or

servation took place, and with a value for the observation.

system provides a scale of measurement for assigning values to a position, time or
Llantity or quality.

reference system consists of a set of coordinate-system axes that is related to the Earth th
defines the size and shape of the Earth.

eference system provides standard units for measuring time and describing temporal leng

system dictionary provides «definitions of reference systems used in spatial or tem

etries are the values ofspatial feature properties. They indicate the coordinate reference sy
r measurements have-been made. The “parent” geometry element of a geometric compl
gregate makes this.indication for its constituent geometries.

ometries arg'the values of temporal feature properties. Like their spatial counterparts, ten

nporaltopologies are used to express the different topological relationships between feature$

e set
on of
Farth
hlues

some
often

other

ough

th or

poral

stem
ex or

poral

D.

A units of m

aliat: el alafiait: £ H 1 £ la H 1 P | 1
asSUTT Ui tivuriarl y pTUuvIiuTS UTtTii iU TS U TiatireTiear miieasutts U Pty Stualr yuaimiutcs, SutlT asT

temperature and pressure, and of conversions between units.

viii
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Geographic information — Geography Markup Language (GML)

1

The
and

This

Implgmenters may decide to store-geographic application schemas and information in GML,
decid
transport.

NOTEH If an ISO 19109 eonformant application schema described in UML is used as the basis for th
transportation of geographic information, this International Standard provides normative rules for the mapp
applidation schema to_ ‘&’ GML application schema in XML Schema and, as such, to an XML encoding f
logicql structure intacecordance with the ISO 19109 conformant application schema.

2

21

Scope

5eography Markup Language (GML) is an XML encoding in compliance with ISO 19118-for

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

rovide an open, vendor-neutral framework for the description of geospatial application sch
ansport and storage of geographic information in XML;

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

gupport the description of geospatial application schemas for specialized domains ang
¢ommunities;

sgupport the storage and transport of application schemas and datasets;

increase the ability of organizations to share geographic application schemas and the infg
describe.

Conformance

g¢nable the creation and maintenance of linked geoegraphic application schemas and datasets}

the transport

gtorage of geographic information modelled in accordance with the conceptual modelling frafnework used
in thg ISO 19100 series of International Standards and including both the spatial and nen-spatial
geogfaphic features.

properties of

emas for the

information

rmation they

or they may

e to convert from some-other storage format on demand and use GML only for schema and data

e storage and
ng of such an
pr data with a

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.

© 1SO 2007 — 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 Confd

GML applica
specified in

Depending g
Table 1 lists

rmance classes related to GNL application schemas

Table 1 — Conformance classes related to GML application' schemas

tion schemas claiming conformance to this International Standard shall conformte the |rules
[lauses 7 to 21 and pass all relevant test cases of the abstract test suite in A.1.

n the characteristics of a GML application schema, 12 conformance classesSiare distinguighed.
hese classes and the corresponding subclause of the abstract test suite.

Conformance class Subclause of th_e
abstract test suite]
All GML applifation schemas A.1.1
GML applicatjon schemas converted from an ISO 19109 application schema in UML A.1.2
GML applicatfon schemas to be converted to an ISO 19109 application schema in UML A1.3
GML applicatjon schemas defining features and feature collegtions A14
GML applicatjon schemas defining spatial geometries A.1.5
GML applicatjon schemas defining spatial topologies A.1.6
GML applicatjon schemas defining time A7
GML applicatfon schemas defining coordinate reference systems A.1.8
GML applicatfon schemas defining coverages A1.9
GML applicatfon schemas defining‘observations A.1.10
GML application schemas defining dictionaries and definitions A.1.11
GML applicatjon schemas ‘'defining values A.1.12
2.3 Confqgrmance 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 © 1SO 2007 — 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 A21
Geometric primitives (spatial) — 0-dimensional A2211
Geometric primitives (spatial) — 0/1-dimensional A221.2
Geometric primitives (spatial) — 0/1/2-dimensional A2213
Geometric primitives (spatial) — 0/1/2/3-dimensional A2214
Georpetric complexes (spatial) — 0/1-dimensional A.2.341.1
Georhetric complexes (spatial) — 0/1/2-dimensional A2:31.2
Georhetric complexes (spatial) — 0/1/2/3-dimensional A2.3.1.3
Topdlogic complexes (spatial) — 0/1-dimensional A.2.4.1.1
Topdlogic complexes (spatial) — 0/1/2-dimensional A2.4.1.72
Topdlogic complexes (spatial) — 0/1/2/3-dimensional A2.4.1.3
Topdlogic complexes with geometric realization (spatial) — 1-dimensional A.2.5.1.1
Topdlogic complexes with geometric realization (spatial) — 2-dimensional A.2.5.1.2
Topdlogic complexes with geometric realization (spatial) — 3-dimensignal A.2.5.1.3
Coorfinate reference systems A.2.6
Coorginate operations between two coordinate reference systems A.2.7
Tem||>oral geometry — 0-dimensional A.2.8.1
Tem|l>oral geometry — 0/1-dimensional A.2.8.2
Tem|l>oral topology A.2.9
Tem;l)oral reference systems A.2.10
Dyngmic features A2.11
Dictipnaries A212
Unitd dictionaries A.213
Obsgrvations A.2.14
Abstllact coverage A.2.15.1
Discrlete point coverage A.2.15.2
Discrlete curve coyerage A.2.15.3
Discrlete surface coverage A.2.154
Discrlete 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.

NOTE 1 Compare these conformance classes with [SO 19107:2003, Clause 2,

1ISO 19123:2005, Clause 2.

© 1SO 2007 — All rights reserved
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NOTE 2 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 1ISO 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 impglementations reading or writing GML or GML application schemas claiming conformance'\tp this
International|Standard shall pass all of the corresponding abstract test suites described in the @bstragt test
suite in Anngx B.

Depending on the capabilities of the implementation, 11 conformance classes are distingQished. Table 3 lists
these classe$ and the corresponding subclause of the abstract test suite.

Table 3 — Conformance classes related to implementations

Conformance class Subclause of tt?e
abstract test suite
All software ilnplementations B.1
Support for r¢mote simple Xlinks B.2.1
Support for ektended Xlinks B.2.2
Support for nfllable properties B.2.3
Support for uhits of measurement B.2.4
Support for ojvnership semantics of properties B.2.5
Metadata properties B.2.6
Support for ML profiles in instance validation B.2.7
Writing GML B.3
Reading GMIL B.4
Writing GML ppplication schemas B.5
Reading GML application schemas B.6

3 Normative teferences

mdionanacabl forth ol $ion £ 4l A + o

The fO”OWlng i‘cfci’cnucd duuumcnto arU ;IIU;O}JUIIOGUIU A4} une appliuatiull U1 LIIiO UUUumUnl. Ul jated
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

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

4 © 1SO 2007 — All rights reserved
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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 WDSDI) — Part 3:
Ruleibased validation — Schematron

ISO $0000-3, Quantities and units — Part 3: Space and time

IETF|RFC 2396, Uniform Resource Identifiers (URI): Generic Syntax (August1998)

W3C|XLink, XML Linking Language (XLink) Version 1.0, W3C Recomfmendation (27 June 2001)
W3C|XML, Extensible Markup Language (XML) 1.0 (Third Edition);, W3C Recommendation (4 Felpruary 2004)
W3C|XML Namespaces, Namespaces in XML, W3C Recommendation (14 January 1999)
W3C[XML Schema Part 1, XML Schema Part 1: Structure's, 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 doeument, the following terms and definitions apply.
411

application schema
conceptual schema for data required by one or more applications

[1SO [19101:2002]
4.1.2

association
semantic relationship between two or more classifiers that specifies connections among their instances

[ISO/IEC 19501:2005:]

413
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).

© 1SO 2007 — All rights reserved 5
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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 jnterior and boundary of a topological or geometric object
[ISO 19107:2003]

41.7
codelist
value domain including a code for each permissible value

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

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

419
composite qurve

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

the sequence
[ISO 19107:2003]

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

41.10
composite golid
connected sé¢t of solids adjoining one another along shared boundary surfaces

[ISO 19107:3003]

NOTE A composite solid, as asset’of direct positions, has all the properties of a solid.

41.11
composite 1u rface
connected sét of surfaces adjoining one another along shared boundary curves

[ISO 19107:3003]

ve in

NOTE A pomposite 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
[1ISO 19111:2007]

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

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

[1SO 19111:2007]

6 © 1SO 2007 — All rights reserved
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4114
coordinate system
set of mathematical rules for specifying how coordinates are to be assigned to points

[ISO 19111:2007]

4115
coordinate tuple
tuple composed of a sequence of coordinates

[ISO 19111:2007]
411

coverage
feature that acts as a function to return values from its range for any direct position~withjn its spatial,
temppral or spatiotemporal domain

[ISO 19123:2005]

4117
curve
1-dimensional geometric primitive, representing the continuous image of a\line

[1SO [19107:2003]

NOTH The boundary of a curve is the set of points at either end of the eurve. If the curve is a cycle, th¢ two ends are
identigal, and the curve (if topologically closed) is considered to not.have a boundary. The first point is dalled the start
point,|]and the last is the end point. Connectivity of the curve is guaranteed by the “continuous image of a Jine” clause. A
topolqgical theorem states that a continuous image of a connected,set is connected.

4.1.1B
data ftype
specification of a value domain with operations allewed on values in this domain

[ISOATS 19103:2005]

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

NOTH Data types include primitive predefined types and user-definable types. All instances of a ¢lata type lack
identify.

4.1.1p

datum

parameter or set of parameters that define the position of the origin, the scale, and the origntation of a
coordinate system

[1ISO19111:2007]
NOTH A-dattm may be a geodetic datum, a vertical datum, an engineering datum, an image datum|or a temporal
datun.
4.1.9L
direct position

position described by a single set of coordinates within a coordinate reference system
[ISO 19107:2003]

4.1.21
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.

© 1SO 2007 — All rights reserved 7
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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—orforempty elements by an-empty-slement tag—Each-element-hasa type,
identified by name, sometimes called its ‘generic identifier (Gl), and may have a set of attribute specificatiofns.| Each
attribute specification has a name and a value.”

4.1.24
exterior
difference bdtween the universe and the closure

[1SO 19107:2003]

4.1.25
face
2-dimensional topological primitive

[ISO 19107:3003]

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

[ISO 19101:3002]

NOTE A [feature may occur as a type ©or jan instance. The term “feature type” or “feature instance” should bg used
when only onq is meant.

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

[1SO 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

[1SO 19111:2007]

8 © 1SO 2007 — All rights reserved
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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 ::k
geometric set

set 0
[1ISO

41.3
geo
prop

NOTH

4.1.34

GML|

appli
Stan

413
GML|
XML

f direct positions
19107:2003]

B
etry property <GML>
rty of a GML feature that describes some aspect of the geometry of.the feature

The geometry property name is the role of the geometry in relation‘to the feature.

application schema
ation schema written in XML Schema in accordarice with the rules specified in this
ard

b
document
document with a root element that is one of the elements AbstractFeature, Dictionary or T

specified in the GML schema or any element of a substitution group of any of these elements
4.1.3p

GML|profile

subségt of the GML schema

4.1.37

GML|schema

schejina components_in‘the XML namespace “http://www.opengis.net/gml/3.2” as specified in this
Standlard

4.1.38

grid

netwrk.composed of two or more sets of curves in which the members of each set intersect theg
the othersetsinan-algorithmicway

[ISO 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

©I1SO
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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 hames, identified by a URI reference, which are used in XML documents as elemént nameg and
attribute names (W3C XML Namespaces)

4.1.44
node
0-dimensional topological primitive

[1SO 19107:2003]

4.1.45
object
entity with a vell defined boundary and identity that encapsulates state and behaviour

[ISO 19107:2003]
NOTE A GML object is an XML element of a type derived fromAbstractGMLType.

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

4.1.47
point
0-dimensional geometric primitive, representing a position

[ISO 19107:2003]
NOTE THe boundary of a point is the empty set.

4.1.48

polygon
planar surfage 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 1ISO 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

[ISO 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.

10 © ISO 2007 — All rights reserved
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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

schefna

formal description of a model
[ISO19101:2002]

NOTE In general, a schema is an abstract representation of an object's characteristics and relatiopship to other
objects. An XML schema represents the relationship between the attributes and elements of an XML objec} (for example,
a docpment or a portion of a document)

4.1.5t1
schema <XML Schema>
collegtion of schema components within the same target namespace

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

4.1.5En
schema document <XML Schema>
XML document containing schema component definitions and declarations

NOTH The W3C XML Schema provides an XML interchange format for schema information. A gingle schema
docurent provides descriptions of components-associated with a single XML namespace, but several dpcuments may
descr|be components in the same schema, jiethe same target namespace.

4.1.5p
semantic type
catedory of objects that share'some common characteristics and are thus given an identifying type name in a
partiqular domain of discouftsé

41.5
sequence
finite] ordered collection of related items (objects or values) that may be repeated

[1SO [19107:2003]
4.1.5

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

[1SO 19107:2003]

© IS0 2007 — Al rights reserved 1
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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.

[ISO 19107:2003]
4.1.61

tag <XML>
markup in anf 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), androré with a fqrward
slash (e.g. </Hoad> is called an end-tag (also closing tag).

4.1.62
topological pbject
spatial obje¢t representing spatial characteristics that are invariant under contintious transformations

[ISO 19107:3003]

4.1.63

tuple

ordered list df values

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

UML applicdtion schema
application sghema written in UML in accordange with ISO 19109

4.1.65
Uniform Regource Identifier (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 Symbpls and abbreviated terms

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

CRS Coordinate Reference System

CSs Coordinate System

Csv Comma Separated Values

CT Coordinate Transformation

DTD Document Type Definition

EPSG European Petroleum Survey Group

12 © ISO 2007 — All rights reserved
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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

ISG International Organization for Standardization

oG Open Geospatial Consortium

RDF Resource Description Framework

RFC Request for Comments

SM|L Synchronized Multimedia Integration Language

SOAP Simple Object Access Protocol

SVEG Scalable Vector Graphics

UML Unified Modeling Language

UR Uniform Resource Identifier

URL Uniform Resource Locator

URN Uniform Resource Name

w3 World Wide Web Consortium

WFS Web Feature Service

XML eXtensible'Markup Language

XSILT eXtensible Stylesheet Language — Transformations

0D Zero Dimensional

1D One Dimensional

2D Two Dimensionat

3D Three Dimensional

5 Conventions

5.1

All

XML namespaces

components

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

© 1SO 2007 — All rights reserved
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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.

NOTE THhis is the first version of GML as an International Standard. Previous versions of GML have beenevgloped
and published|by the Open Geospatial Consortium (OGC).

5.3 Depr¢cated parts of previous versions of GML

The verb “dpprecate” provides notice that the referenced portion of this International* Standard is peing
retained for backwards compatibility with earlier versions but may be removed from‘a/future version wjthout
further noticq.

Sections of this International Standard that describe or refer to deprecated"GML components are writlen in
italics.

NOTE 1 THis International Standard is published by the Open Geospatial'Consortium as GML 3.2.1, the previous
adopted versign 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 GMY 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 Landuage
(UML) static| structure diagram. The UML notations used in this International Standard are described in
Figure 1.

14 © ISO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

Association between classes

Class #1 Association name Class #2
role-1 role-2

Association Cardinality

1.*
—— Class Only one Class One or more
0..* Clase n Class
ZEero or more Specific numbler
0..1
= Class Optional (zero or one)
Aggregation between classes Class Inheritance (subtyping of classes)
A%glggggate Superclass
[ [ | [ [ |
C )lgwspsogflent Cgr:spsogg nt Car:spsogg nt Subclass #1| |Subclass #2 Siibclass #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 posdibility of side
gffects). A DataType is a class with*no operations whose primary purpose is to hold the inforgnation.

— <<Union>> is a set of properties. The semantics is that only one of the properties may be pfesent at any
fime.

— $<FeatureType>> is afeature as defined in ISO 19109.
— $<CodelList>>s"d 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
pe may.only take values from this list.

lass 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).

© 1SO 2007 — All rights reserved 15
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— 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 havie a full understanding of this International Standard it is necessary for the reader to/have a
reasonable khowledge of XML Schema.

6 Overview of the GML schema

6.1 GML $chema
GML specifigs XML encodings of a number of the conceptual classes definediin the 1ISO 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);

— IS0 191p7 — Spatial schema (spatial geometry and topology);

— IS0 191p8 — Temporal schema (temporal geométry and topology, temporal reference systems);
— IS0 191Pp9 — Rules for application schemas (features);

— IS0 19111 — Spatial referencing by coordinates (coordinate reference systems);

— 1SS0 191p3 — Schema for coverage geometry and functions (coverages, grids).

In many casgs, the mapping from-the conceptual classes to XML is straightforward, while in some casds the
mapping is npjore 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 ser|es of
International| Standards/or the OpenGIS Abstract Specification. Examples include moving objects, sjmple
observations| or vajue objects. Additional conceptual classes corresponding to these extensions arel 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.
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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.
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Both|ways are valid approaches to construct GML application schemas. All application(schemas shall be
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lled in accordance with the General Feature Model specified in ISO 19109. Within-.theASO
is the preferred language to describe conceptual schemas.
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wherg it may be justified to apply the first approach:
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— Additional capabilities of the GML schema may be requireddn addition to the capabilities that are
ccessible by using the encoding rules specified in Annex E.
— Only an XML representation may be required and the application schema may be relatively §imple, so the
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-
P .

International

N4

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.
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User-defined application schema
(UML using ISO/TS 19103 and ISO 19109)

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

ISO 19107 ISO 19108
profile profile
A
Well-:iefined GML application schema encoding GML application schemnla
mapping rules (1ISO 19136 Annex E and encading rules
(ISO 191&% ISO 19118) (1I$© 19136 Annex F)
imports
v \4
GML schema GML application schema
(XML Schema) < (XML Schema)

Figure 2 —|Relationship between the ISO 19100 series of International Standards and ISO 19136/GML

6.4 Organization of this International Standard

GML defineqd 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 Intgrnational 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 opject,
gml:AbstractObject, andithe root of the GML class hierarchy, gml : AbstractGML.

Subclause 81 describes the Xlink schema. This schema is an OGC implementation of the XLink specifigation
using XML Sghema:lt may be replaced in some future release by an equivalent schema from the W3C.

NOTE 1  With
provided for convenience in the context of an XML Schema- based enwronment The normatlve deflnltlons 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, 10.5.10 and Clause11 describe the geometry schema components that define
gml :AbstractGeometry,

gml:AbstractGeometricPrimitive, gml:AbstractGeometricAggregate,

gml : GeometricComplex and some derived components.
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Clause 12 describes the coordinate reference system schema components that define the subtypes of
gml:IdentifiedObject, gml:AbstractCRS, gml:AbstractCoordinateReferenceSystem, and the
elements and types required to construct specific coordinate reference systems.

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

Clause 14 describes the schema components for temporal constructs defining gm1 : AbstractTimeObject,
gml:AbstractTimePrimitive, gml:AbstractTimeGeometricPrimitive,
gml :AbstractTimeTopologyPrimitive, gml:AbstractTimeComplex and derived components as well

as gml:DynamicFeature and derived components.

Claug
gml

Claus

(gml
gml

Claus

Claus
comg

Claus
gml
and ¢

Thes
The

format provided by W3C XML Schema. The descriptions of the set of components are factored

docu
show
Interr
Anne
GML

All ¢
http:/

NOTH
docur
scher
prece
use d
repre

:(IDictionary.

:lAbstractScalarValue, gml:AbstractScalarValuelList and derived eomponents).

JJAbstractCoverage, gml:AbstractDiscreteCoverage, gml:AbstractContinuo

e 15 describes the schema components for definitions and dictionaries including gm1 : e i

e 16 describes the schema components for the construction of-units
tUnitDefinition and derived components), measures and value objects (gml:2Abst

e 17 describes the schema components for the description of direction:

e 18 describes the schema components for simple observations’ (gml:0Observation
onents).

e 19 describes the schema components for grids and coverages. This describes

erived components.
b clauses describe the normative GML schema.and explain their contents, structure and dep

epresentation of the GML schema presented in this International Standard uses the XML

ments, where each document gathers(together components that correspond broadly to the
n in Figure 2. However, while the* XML representation of each GML schema compg

X G (subsetting) describe pringiples and methods for alternative packaging of the XML repr
schema components.

www.opengis.net/gml/3.2.

2 XML namespaces provide a mechanism for avoiding ambiguity arising from name clashq
hents. All compenents described in a single schema document are in a single target namespace, but
ha documént' may describe components in a namespace. Within the XML development commu

f a single namespace for GML schema components is consistent with the non-normative factorir]
sentation of GML components between schema documents.

nition and

pf  measure
ractValue,

and derived

gml:Grid,
hsCoverage

endencies.

interchange
into schema
classification
nent in this

ational Standard is normative, the packaging into schema documents is not. Clause 20 (profiles) and

esentation of

bmponents defined or declared in this International Standard use the same target namespace of

s within XML
more than one
hity there are

Hents for-assigning either one or several namespaces to a set of schema components for a single application. The

g of the XML

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

6.5 Deprecated and experimental schema components

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

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

71

711 GML

GML model and syntax

instance documents

GML uses an explicit syntax to instantiate a GML application schema conformant with the General Feature

Model define

d 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

ML _elements with the name of the nhjnhf fypn

Each featurg
in an XML el

NOTE 1 TH
when describi
attribute or as
"attribute”, "as|

Furthermore
is distinguish
element may
of a property

attribute and feature association role is a property of a feature. Feature properties arereng
ement.

e term "attribute" in XML refers to a specific syntactic component in XML documents, so.to' avoid con
ng the XML encoding, GML follows RDF (W3C, 1999) terminology and uses the term_property rathe]
bociation role. The General Feature Model (ISO 19109) also uses the term "property” as a generalizat
Sociation role" or "operation”.

the property semantics, which is indicated by the name of the element representing the pro
ed from the property value, which is given by the content of the property element. A prg
contain its value as content encoded inline, or reference its value with a simple XLink. The
may be simple, or it may be a feature or other complex object. When recorded inline, the va

oded

fusion
I than
on for

Derty,
perty
value
ue of

a simple property is recorded as a literal value with no embedded markup (text), while if the value is complex it

appears as g

NOTE 2 Th
International {
summarized a

Features are 1

in UML b

in GML ir}

Feature prope

in UML |
semantic|

are given

The property

in GML ipstances by sub-elements (known as property elements) of feature elements, where the property sem

subtree using XML markup (i.e. an XML element with-sub-structure).

e GML model has a straightforward representation using the UML profile used in the ISO 19100 se
btandards (defined in ISO/TS 19103). This is des¢ribed in detail in Annex D and Annex E, but c
pproximately and briefly as follows.

Epresented

 objects, where the name of the feature‘type is used as the name of the object class;

stances by XML elements, where\the name of the feature type is used as the name of the element.
rties are represented

y association roles-with feature type classes, and attributes of feature type classes, where the pr
5 are given by the association role name or attribute name;

by the property element name.

alue has a type indicated

ies of
AN be

bperty

antics

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.
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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:

— gbjects-are-instantiated-asXML-slements-with-a-conceptualyr-meaningiul-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 thgeir 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.

It is gtrongly recommended to follow these conventions also in GML<application schemas. The rules are only
applitable in languages that distinguish between upper and lower case.

NOTH UpperCamelCase is a naming convention in which a nameis formed of multiple words that are jpined together
as a s$ingle word with the first letter of each of the multiple words capitalized within the new word that fofms 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 objeets with identity,

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

— XML attributes qualifying)those properties.

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

A GML property,shall not be derived from gml : AbstractGMLType, shall not have a gml : id attfibute, 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
gml : id XML attribute.

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

7.21

Goals of base schema components

The gmiIBase schema components establish the GML model and syntax, in particular

patterns

a root XML type from which XML types for all GML objects should be derived,

a pattern and components for GML properties,

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

compon

compon

NOTE TH
(using URN sy

ur
7.2.2 Base

7.2.21
An abstract g

<element nam

This elemen
Schema) an
unifies comy
gml :Abstrd

NOTE an
necessary to

content eleme

A GML data
object may in

7.2.2.2

The most ba

ents for associating metadata with GML objects,
ents for constructing definitions and dictionaries.

e corresponding schema document in Annex C is identified by the following location-independent
ntax):

h:x-ogc:specification:gml:schema-xsd:gmiBase:3.2.1

objects

AbstractObject

onvenience element gml : AbstractObject is deglared as follows:

e="AbstractObject" abstract="true"/>

I has no type defined, and is therefore,implicitly (in accordance with the rules of W3C
XML Schema anyType. It is used asl.the head of an XML Schema substitution group
lex content and certain simple content elements used for datatypes in GML, includin
ctGML substitution group.

1l:AbstractObject is defined\primarily to act as a variable in certain aggregate patterns wher
bllow either elements in the gl : AbstractGML substitution group, or certain complex content or §
hts to be valid in an instance.

et (also called a“data instance or data document) is represented by an object element.
turn be a collection of GML objects.

AbstractGML, AbstractGMLType

bic components for representations of identifiable objects are described in the schema as fol

name

XML
which
y the

b it is
imple

This

OWS!

<element name="AbstractGML" type="gmI:AbstractGML I ype" abstract="true" substiutionGroup="gml:AbsfractObject"/>

<complexType name="AbstractGMLType" abstract="true">
<sequence>
<group ref="gml:StandardObjectProperties"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</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"/>
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<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
</group>

The abstract element gm1 : 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

conc
gml
gml:
defin

The
repre
gml:

NOTH
schen
gml:

down
aone

7.2.3

7.2.3

The

elem
objeq
it.

GML
gml:
with

props
comg

Prop

:[AbstractGML,

<group ref="gml:StandardObjectProperties"/>

bptual meaning of the object. Generic element names in GML include gml:Abstn
gml:AbstractFeature, gml:AbstractValue, gml :Abstrad
AbstractTopology and gml:AbstractCRS. These other generic elements representin
bd elsewhere in this International Standard.

Child XML elements and XML attributes of a GML object are properties of\that object. Th
sented by an gml:AbstractGML element has five non-deprecated (properties: gml: i
description, gml:descriptionReference, gml:name and gml ~id. These are descr

The group gml:StandardObjectProperties is provided for gonvenience in the construction
ha, particularly when it is desired to define types derived by resfriction from gml:Abstract

into the new type definition. As an alternative to including element.declarations for all the standard obj
line reference to gml : StandardObjectProperties may bewused instead:

GML properties

1 Introduction

actObject,
tCoverage,
j objects are

us an object
dentifier,

bed in 7.2.4.

of application
CMLType and

\bstractFeatureType. Derivation by restriction requires that alkcomponents that are used unchanged are copied

ect properties,

erm “property” is used to refer,to-a GML property, which is any characteristic of a G

objects may have) an unlimited number of properties, in addition to those in
AbstractGMLType. A property may be defined to have either simple or complex conten
simple content thas an XML Schema simple content type, as illustrated by the case of

rty elements,gm1 : description and gml : name. A property with complex content has an
lex contentitype.

brty‘elements may use two modes:

object. An

L
ent in a GML document or data, stream is a GML property if and only if it is a child elem’gnt of a GML
t element. The meaning of @ach property shall be indicated by the name of the element thgt instantiates

nerited from
t. A property
the standard
ML Schema

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

NOTE

See 8.1 for examples on the use of xlink references.

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

©I1SO
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7.2.3.2 AgsociationAttributeGroup

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.

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

as follows:

with the folloving definitions from Xlink (see 8.1):

<attributdGroup name="AssociationAttributeGroup">
<attfibuteGroup ref="xlink:simpleLink"/>
<attfibute name="nilReason" type="gml:NilReasonType"/>
<attfibute ref="gml:remoteSchema"/>

</attributeGroup>

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

The value ofla GML property that-carries an x1ink:href attribute is the resource returned by traversing the

link.

The nilReafon attributedmay be used in a property element that is nillable to indicate a reason for a nil palue.

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:

24

<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>
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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).

NOTH 1 The declaration of gml:abstractAssociationRole and its accompanying type definition [s provided for
convgnience, to act as a template or pattern for the construction of property elements in application-scheémas. There is no
requirement for specific properties to use XML Schema type derivation from gml:AssociationType. 1o create [properties in a
conformant GML application schema. This contrasts with the requirement that the content model-for all identtifiable objects
shall gerive from gml:AbstractGMLType, and for all features from gml:AbstractFeatureType.

NOTH 2  While gml:abstractAssociationRole is abstract, its type gml:AssogtationRoleType i§ 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|14 Inline or by reference?

The [any element in the content model for properties is optional. In combination with theg component
cardipalities in gml:AssociationAttributeGroup this. mé&ans that an element of this type|may have a
contgnt element or xlink attributes. GML property elements’ which follow this pattern may be used to attach
valugs 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>
<gm|:Point gml:id="point96" srsName="urn:xs0gc:def:crs:EPSG::4326">
<gml:pos>-31.936 15.834</gml:pos>
</gnpl:Point>
</gmlicenterOf>

which| uses the gml:Point ¢bject as defined in the GML geometry schemas (described in 10.2). The same property
elemgnt may be used to indieate a location by reference as follows:

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

wherg “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
contgnt-and attributes, and still be XML Schema-valid. It is not possible to constrain the co-dccurrence of
contdatér-attribute it i e W3C XML-Schema-torestrict-aproperty-to-be-elther 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 x1link: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”.
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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">

<att thiita nama="avune! tuna="hanlaan! Aafalt="faloal/s
HoHteHah WSty Pt oot St

</attributeGroup>

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

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

<Parcel gmllid="p123">
<hasOwnef xlink:href="urn:x-abc:id:0123"/>
</Parcel>

then the refergnced object, e.g. a person, is not “owned” by the parcel feature, i.e~the person feature will not be delgted, if
the parcel is deleted. However, if a property is encoded with an attribute owns=>trtie”, for example

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

</Car>

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

7.2.3.6 ahstractStrictAssociationRole

The constraipt that the value of a propertytmay be either embedded inline or specified by an xlink refefence
may be desqribed precisely using the auxiliary constraint language Schematron (see ISO/IEC 19757-3). The
abstract, global €lements gml:abstractAssociationRole and
gml:abstrgctStrictAssociattionRole both use gml:AssociationRoleType, but the follpwing
schema fragments shows how ah~gelement declaration may accompanied by a Schematron constraint t¢ limit
the property [o act in either inling or by-reference mode, but not both.

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

<sch:schgma’xmins:sch="http://purl.oclc.org/dsdl/schematron" xmins:gml="http://www.opengis.net/gml/3.2"
xmins:xlink="http://www.w3.0rg/1999/xlink" xml:lang="en">
<schtitte>Schematron constraints for GME71SO 191363 /schtitie>
<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>
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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:

The

NOTE While gml:abstractReference is abstract, its type gml:ReferenceType is not, becau
intended to be used in application schemas directly, if a property element shall use.a “by-reference only” eng

7.2.3]8 abstractinlineProperty, InlinePropertyType

In ordler to support the encoding of properties whose valuecis\provided inline, the following con
proviged:

The

7.2.3|19 Properties representing the same relationship

If the| value of an ébject property is another object and that object contains also a property for th
betwgen the ~two objects, then this name of the reverse property may be end

gml

consfraint ‘between the two properties. The value of the element shall contain the qualified
propgrty element.

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

<complexType name="ReferenceType">

<sequence/>

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

felement name="abstractInlineProperty" type="gml:InlingPropertyType" abstract="true"/>

fcomplexType name="InlinePropertyType">
<sequence>
<any namespace="##any"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
¥/complexType>

:lreversePropertyName element in an appinfo annotation of the property element to d

blement 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.

e the type is
oding.

hponents are

element gml:abstractIhlineProperty is abstract, and thus may be used as th¢ head of a
subsf{itution group of more specific elements providing a value inline.

b association
oded in a
ocument the
name of the

<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">
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ment ref="ex:Person"/>
ce>

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

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:yalue>
</gml:Integery.
7.2.4 Standard properties of GML objects
7.2.41 Dg¢rivation from AbstractGMLType
XML Schempa types for all GML objects derive directly or indirectly from gml:AbstractGMLType.| This
means that pll GML objects inherit certain standard properties that are included in the content model of
gml:AbstractGMLType.
7.2.4.2 dgscription
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.
<elemen{ name="description" type="gml:StringOrRefType'/>
NOTE The use of gml:description to reference an-~éxternal description has been deprecated and replaced by the
gml:descriptiohReference property (see 7.2.4.3).
7.2.4.3 ddgscriptionReference
The value of this property is a _remote text description of the object. The xlink:href attribute of the
gml:descrlptionReference property references the external description.
<elemen{ name="descriptionReference" type="gml:ReferenceType"/>
7.2.44 n3ame, identifier
The gml : nape property provides a label or identifier for the object, commonly a descriptive name.
An object may—have—severalnames—typically assigned—by differentauthorities—gmlname—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 codeSpace shall be provided. That identifier is
usually unique either globally or within an application domain. gml:identifier is a predefined property for
such identifiers.
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EXAMPLE UUIDs and URNs are commonly used globally unique identifiers.
<element name="identifier" type="gml:CodeWithAuthority Type"/>
7245 id

The attribute gm1 : id supports provision of a handle for the XML element representing a GML object. Its use
is mandatory for all GML objects.

<attribute name="id" type="ID"/>

It is of XMl type ID.so-is-constirained-to-be ||niQ||n inthe XML document within which it occurs, An external

identffier for the XML element representing the GML object in the form of a URI may be consjructed using
standard methods (IETF RFC 2396). This is done by concatenating the URI for the document, a fragment
sepafator “#”, 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 gm1 : AbstractMemberType.

fcomplexType 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 mulfiplicity of the
objedts in the collection as required for its intended\use.

This pbstract property type is intended to be used only in object types where software shall be able to identify
that gn 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 collectign. The owns

attribpte of gml:OwnershipAttributeGroup may be used on a property element instance to assert
owngrship of an object indhg collection. A collection shall not own an object already owned by angther object.

7.2.5|12 GML object collections, AggregationAttributeGroup

A GNIL object'collection is any gml :AbstractObject with a property element in its content fnodel whose
contgnt madel 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 gm1 :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

application schema needs to model the additional information to cope with indexing.

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

NOTE 2 If
application sc
structure.

7.2.6 Meta

To associate]
whose conte

The value of
application s

<comple

<sequence/>

<att
</comple]

The property
specified for

h collection of aggregation type “table” is implemented in an application schema, then the table type

Hata

metadata described by any XML Schema with a GML object, a property.element shall be dg
ht model is derived by extension from gml :AbstractMetadataPropertyType.

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

Type name="AbstractMetadataPropertyType" abstract="true">

ibuteGroup ref="gml:OwnershipAttributeGroup"/>
XType>

type derived from gml:AbstractMetadataPropertyType shall follow one of the pa
(GML property types in 7.2.3.

in the

nema needs to model the additional information to add the required information about the fields and their

fined

hdata

terns

By default, this abstract property type does not-imply any ownership of the metadata. The owns attriblite of

gml:Owner
ownership of

If metadata
correspondin
information.

EXAMPLE 1

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

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

<complexTypsg

A

q

hipAttributeGroup may be ‘used on a metadata property element instance to
the metadata.

following the conceptual_model of 1ISO 19115 is to be encoded in a GML documen

g Implementation Specification specified in ISO/TS 19139 shall be used to encode the met

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

name="RoadType">

ssert

, the
hdata

uality

<complexC

s +
Tt

<extension base="gml:AbstractFeatureType">
<sequence>

<l--

-->

<element name="roadMetadata" type="ex:RoadMetadataProperty Type"/>

<l-- ..

</sequ

-2
ence>

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

<complexType name="RoadMetadataPropertyType">
<complexContent>
<extension base="gml:AbstractMetadataPropertyType">
<sequence>

30
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<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>
</cpmplexContent>
</complexType>

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

ThenJan instance of a Road feature could look like:

<ex:Road>
<l-|.-->
<ex:foadMetadata>
<eX:RoadMetadata>
<gx:horizontalAbsoluteAccuracy>
<gmd:DQ_AbsoluteExternalPositionalAccuracy>
<l-- The DQ_Element subelements are not detailed -->
</gmd:DQ_AbsoluteExternalPositionalAccuracy>
</ex:horizontalAbsoluteAccuracy>
<¢x:metadata>
<gmd:MD_Metadata>
<l-a full set of ISO/TS 19139 metadata elements*-->
</gmd:MD_Metadata>
</[ex:metadata>
</ek:RoadMetadata>
</exfroadMetadata>
<l-|.-->
</myAs:Road>

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

<complexType name="RoadType">
<cgmplexContent>
fextension bases"gml:AbstractFeatureType">
<sequence>
<l-- ..é&>
<element name="horizontalAbsoluteAccuracy" minOccurs="0">
<complexType>
<complexContent>
<extension base="gml:AbstractMetadataPropertyType">
<sequence>
<element ref="gmd:DQ_AbsoluteExternalPositionalAccuracy"/>
</sequence>
</extension>
</complexContent>
</complexType>
</element>
<l-..-->
<element name="metadata" minOccurs="0">
<complexType>
<complexContent>
<extension base="gml:AbstractMetadataProperty Type">
<sequence>
<element ref="gmd:MD_Metadata"/>
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</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_RAbsoluteExternalPositionalAccuracy>

<ex:metadatg>
<gmd:MD_Metadata>
<l-a full sef 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 DublinCore metadata elements. This may be mapped
in the applicatjon schema as follows:

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

<complexTypg name="DatasetType">
<complexCopntent>
<extensign base="gml:AbstractFeatureType">

<sequénce>
<l--}..-->
<elgment name="generalMetadata“-.type="ex:DublinCoreMetadataProperty Type"/>
<l--|..-->

</extensipn>
</complexQontent>
</complexTypg>

<complexTypg name="GeneralMetadataPropertyType">
<complexCopntent>
<extensign base="gml:AbstractMetadataProperty Type">
<sequénee>
<element ref="ex:DublinCoreMetadata"/>
</sequence>
</extension>
</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>
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An instance example could look like this:

<ex:Dataset>
<l >
<ex:generalMetadata>
<ex:DublinCoreMetadata>
<dc:title>Vector Smart Map Level 0</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-- -->
</egDubtmCoreMetadata=
</exjgeneralMetadata>
<l-[. -->
</ex:DDataset>

8 GML schema — Xlinks and basic types

8.1 | Xlinks — Object associations and remote properties

The mpormative Xlink specification is available from W3C.

NOTH A schema document xlinks.xsd is provided as part of the GMlyschema documents in Annex C.
Xlink|components are used in GML to implement associatioans)between objects by reference. GML property
elements (see 7.2.3) may carry Xlink attributes, which support the encoding of an association rglationship by
refergnce, the name of the property element denoting the target role in the association. The mpst important

Xlink|component is:

xlink:href identifier of the resource whichis the target of the association, given as a UR

The gppearance 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 (s pointed to by the value of the x1ink:href attribute. Following the
termipology of Xlink, GML properties with x1ink:href attributes are sometimes referred to as remote
propgrties.

The ¢ther Xlink components_are’ used to indicate additional semantics of the relationship. The njost useful of
thesq 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

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

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
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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
xmlIns()] 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 remofely referenced property values.
EXAMPLE 1 A reference to an object element in the same GML document may be encoded as:

<myPropgrty xlink:href="#01"/>
EXAMPLE 2 A reference to an object element in a remote XML document using the gml:id-value of that object njay be
encoded as:

<myPropgrty xlink:href="http://my.big.org/test.xml#01"/>
EXAMPLE 3 A reference to an object element in a remote XML document (or GML object repository) usirjg the
gml:identifier groperty value of that object may be encoded as:

<myPropgrty xlink:href="http://my.big.org/test.xml#element

(//gml:GeodeticCRS[./gml:identifier[@codeSpace="urn:x-ogc:def:crs:EPSG:6.3:"]="4326"))"/>

EXAMPLE 4 A reference to an object element with a uniform*resource name may be encoded as follows (note [that a
URN resolver |s required to resolve the URN and access the referenced object):

<myPropgrty xlink:href="urn:x-ogc:def:crs:EPSG:6.3:4326"/>
The IDREF |data type and the unique, key; and keyref elements defined in the XML and XML Schema
specification$ provide alternative identification and linking mechanisms to the ID data type and Xlink refefence
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 renotely
referenced pfoperty values.
8.2 Basic|types
8.21 Overyiew
W3C XML Sphema provides a set of built-in “simple” types which define methods for representing valugs as
literals withoptlinternal markup. These are described in W3C XML Schema Part 2:2001. Because GML[is an
XML encodingimwhictrinstancesaredescribed-using - XMt—Schema;thesesimptetypes—shatt-beused—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
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components needed to record amounts, counts, flags and terms, together with support for exceptions or null
values.

NOTE

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

The basic types and elements are described in the basicTypes schema document in Annex C. The schema is

ISO/TS 19103 defines basic types for the conceptual schemas in the 1SO 19100 series of International

Stan

NOTEH Some of the ISO/TS 19103 basic types are specified in other schema documents of the GNIL)sd
measlire are specified in Clause 16 and vector in 10.1.4.5.

8.2.3| Simple types

8.2.311 NilReasonType

gml :NilReasonType defines a content model that allows recording of.ah explanation for a
other|exception.

<simgleType name="NilReasonEnumeration">

<u
<

<

<

</upion>
</simpleType>

<simgleType name="NilRéasonType">

<un

</simpleType>

gml

dards. GML implements a subset of these basic types as described in D.2.2.

mion>

simpleType>

frestriction base="string">
<enumeration value="inapplicable"/>
<enumeration value="missing"/>
<enumeration value="template"/>
<enumeration value="unknown"/>
<enumeration value="withheld"/>
$/restriction>

simpleType>

simpleType>

frestriction base="string">
<pattern value="other:\w{2,}"/>
$/restriction>

SimpleType>

ibn memberTypes="gml:NilReasonEnumeration anyURI"/>

:[Ni1ReasonType is a union of the following enumerated values:

hema: units of

oid value or

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
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"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 :NilRed
(see 8.2.3.4,
as an alterng

8.23.2 EI

The XML Scl

NOTE By

EXAMPLE 1

<element
<element

By declaring
cases where
Schema Inst

EXAMPLE 2
documents as

<my:amd
<my:amd

Declaring an
“an object w
instance” [IS

NOTE
as:

TH

<qg

ements declared to be “nillable”

8.2.4.1, 8.2.4.2, 8.2.4.3) where it is necessary to permit a value from the NilReasonType
tive to the primary type.

hema attribute nillable may be included in any element declaration within a schema.
default the schema attribute nillable has a value of “false”.

The following element declarations illustrate the use of the nillable(attribute:
name="amount” type="double” nillable="true”/>

ref="my:amount” nillable="true”/>

an element as nillable (nillable="true"), aninstance of that element may omit its cont
an empty value would normally not be schemaivalid by supplying an attribute ni1 from the
hnce namespace with the value “true”.

Elements that have been declared with-this nillable="true" in the schema may appear in ing
follows:

unt>34.567</my:amount>

unt xsi:nil="true”/>

element to be nil istan implementation of the “Void” data type of ISO/IEC 11404, i.e. repre
hose presence iS~syntactically or semantically required, but carries no information in a
D/IEC 11404],

is is differént'to an element declaration with the cardinality attribute set to make the element optional

lement name="amount” type="double” minOccurs="0"/>

FsonType 1S USEd as a member of a union im a number of Simple content types defined helow

Linion

BNt in
XML

tance

sents
given

such

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"/>

</extensi

36
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</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, sugh as

<myfamount xsi:nil="true” nilReason="unknown”/>
<myfmoney xsi:nil="true” nilReason="other:myDaughterSpentIt” uom="AUD"/>

In thg GML schema and in GML application schemas, the “nillable” and “nilR€ason” construction may be used
on elements representing GML properties (see 7.2.3). This allows propérties that are part of the content of
objedts and features in GML and GML application languages to be declared to be mandatofy, while still
permjtting them to appear in an instance document with no value.

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

8.2.3|13 SignType
gml :|SignType is a convenience type with values<£+” (plus) and “-” (minus).

<sinpleType name="SignType">
<restriction base="string">
<g¢numeration value="-"/>
<g¢numeration value="+"/>
</r¢striction>
</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|14 booleanOrNilReason, doubleOrNilReason, integerOrNilReason, NameOrNilReasdn,
stringOrNilReason

The | types,>> gml :booleanOrNilReason, gml:doubleOrNilReason, gml:integerOrNilReason,
gml :[NameOrNilReason, gml:stringOrNilReason provide extensions to the respective XML Schema

built-ln_simple types to allow a choice of either a value of the built-in simple type or a reason far 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>
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<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.

<complexTyy
<simpleCon
<extensior
<attributg
</extensio,
</simpleCo
</complexTy

It adds an X
indicate a did

EXAMPLE

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

so a corresponding element might appear in an instance document as follows ™

<gml:name c
In this exampl
that in all cas
responsible fo

The derived
instance.

<comple

<sinppleContent>

</sithpleContent>

</comple]

e name="CodeType">

tent>

base="string">

name="codeSpace" type="anyURI"/>
h>
htent>

pbe>

ML attribute codeSpace to a term, where the value of the codeSpace-attribute (if present)
tionary, thesaurus, classification scheme, authority, or pattern for the term.

The gmIBase schema contains an element declaration using this type{(see 8.2.3.5):

deSpace = “http://www.ukusa.gov/placenames”>St Paul</gml:name>
e “St Paul” is asserted to be a meaningful name in-accordance with http://www.ukusa.gov/placenames

es the rules for the values, including suchxthings as uniqueness constraints, are set by the au
[ the codeSpace.

type gml:CodeWithAuthorityType requires that the codeSpace attribute is provided

Type name="CodeWithAuthority Type">
<restriction base="gml:CedeType">

<attribute name="codeSpace" type="anyURI" use="required"/>
</restriction>

XType>

8.2.3.6 MrasureType, Uomldentifier

shall

Note
hority

in an

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"/>

</extensio
</simpleCo
</complexTy

38
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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
This

4

4

simple type gml :UomIdentifer defines the syntax and value space of the unit of meas
s a union type defined as follows:

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

The first member of the union type, gm1 : UomSymbo1, is defined as follows:

4

4

This
the f
corre

NOTH
Units
const

simpleType name="UomSymbol">
<restriction base="string">
<pattern value="[": \n\r\t]+"/>
</restriction>
/simpleType>

ype specifies a character string of length at least oneand restricted such that it must not ¢
bllowing characters: (colon), “ ” (space), (new:line), (carriage return), (tab). This 3
sponding to familiar abbreviations, such as “kg”,<‘m/s”, etc.

“,n

It is recommended that the symbol be an.identifier for a unit of measure as specified in the “U
of Measure” (UCUM) (http://aurora.regenstrief.org/UCUM). This provides a set of symbols and 4
ucting identifiers for units of measure thatare unique, and may be easily entered with a keyboard

limitedl character set known as 7-bit ASCII. }S©+2955 formerly provided a specification with this scope, but

in 20(

The s

4

4

This
a stri

1. UCUM largely follows ISO 2955 with-modifications to remove ambiguities and other problems.
econd member of the uniomtype, gm1 : UomURT, is defined as follows:

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

ype specifies a URI, restricted such that it must start with one of the following sequences: “#
ng of characters followed by a “:”. These patterns ensure that the most common URI forms &

includling absolute and relative URIs and URIs that are simple fragment identifiers, but prohibits
of relptivé URI that could be mistaken for unit of measure symbol).

Lire identifier.

pntain any of
llows values

nified Code of

grammar for
supporting the
vas withdrawn

o«

AL or
re supported,
Certain forms

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,

1)

©180

e.

g. “m/s”.
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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">

<simpl

eContent>

<extension base="string">
<attribute name="decimal" type="string" default="."/>

<att|
<att

</ext¢nsion>

</simp|
</comple]

This type is g
gml:Coord]
While it is nd
attributes ha

These attriby

Decimal

4

CS

4

ts

4

Since it is bs

of tables of tliples or arrays of tuples, including ones that contain mixed text and numeric values.

EXAMPLE
8.2.4 Lists

8.2.4.1 b
booleanOrN

A set of type

iIReasonkist, NameOrNilReasonList, doubleOrNilReasonList, integerOrNilReasonList

ribute name="cs" fypn—"efring" defayli= ", ">

a link to a definition of a unit of measure that does not have a conventional symbol, or when it is desired

ibute name="ts" type="string" default="&#x20;"/>

eContent>
XType>

eprecated for tuples with ordinate values that are numbers.

lnatesType is a text string, intended to be used to record an array of tuples or coordinates.
t possible to enforce the internal structure of the string through schema validation, some op|
e been provided in previous versions of GML to support a deScription of the internal stru

tes are deprecated. The attributes were intended to be used.das follows:

ymbol used for a decimal point
default="." a stop or period)

ymbol used to separate components within a tuplg or coordinate string
default=","” a comma)

ymbol used to separate tuples or coordinate strings
default=""a space)

sed on the XML Schema string type, gml :CoordinatesType may be used in the constry

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

oleanList, doubleList, integerList, NameList, NCNameList, QNameList,

5 forlists of simple values are constructed in accordance with the following patterns as follow

<simpleType

fional
Cture.

ction

DOCICatrt=Tot

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

<simpleType

name="doubleList">

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

<simpleType

name="integerList">

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

<simpleType

name="NamelList">

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

40

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

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

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

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

</simpleType>
<sinmpleType name="NameOrNilReasonList">
<ligt itemType="gml:NameOrNilReason"/>
</simpleType>
<sinmpleType name="doubleOrNilReasonList">
<ligt itemType="gml:doubleOrNilReason"/>
</simpleType>
<sinpleType name="integerOrNilReasonList">
<lidt itemType="gml:integerOrNilReason"/>
</simpleType>
Thesg types are defined as a list of values of the respective XML Sehema built-in simple types, o
typeq specified in previous subclauses. The ..OrNilReasonDist types support reasons f
intergpersed within a list.
NOTH 1 These types are provided as convenience types. They“may be helpful in cases where a simple
to be Hefined that is a union of such a list and another simple content type.
NOTH 2 Some of the types start with an upper case létter, some with a lower case letter. The reason is t
the XML Schema base type has been preserved in the, GML types for clarity.
NOTH 3  An element which uses one of these-types will contain a whitespace-separated list of members
type (pee http://www.w3.org/TR/xmlschema-2/#atomic-vs-list for more details of the XML list structure).
NOTH 4  None of the list types defined here use an XML Schema string as an item. The reason for this
may ipclude embedded spaces, linefeeds, etc (http://www.w3.org/TR/xmIschema-2/#string). Since whitespa

item 4
other
2e-20
white

8.24

The {

schema definitions are as follows:

<cor

eparator in a list instance, there’ would be ambiguity in identifying items that potentially contain white
hand, an instance of the XMI-Schema Name type may not contain whitespace (http://www.w3.0org/TR
D00814#NT-Name), so-this may be used safely in a list context. The corollary of this is that if a teri
pace, then such a term-may not occur in a list instance.

2 CodelListType, CodeOrNilReasonListType

Wwo types gl :CodeListType and gml:CodeOrNilReasonListType provide for lists ¢

[ of the union
br nil values

content type is

hat the case of

of the relevant

is that a string
ce acts as the
space. On the
P000/WD-xml-
h may contain

f terms. The

nplexType 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>

©180
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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>

ist of flowers.

where the listgd+

An instance| element of gml:CodeOrNilReasonListType may also include embedded values

gml:NilRe
the value ma

8243 M

The two typ
quantities. T

<complexTyq

be absent for some reason.

basureListType, MeasureOrNilReasonListType

e schema definitions are as follows:

e name="MeasureListType">

<simpleContent>
<extension base="gml:doubleList">
<attributd name="uom" type="gml:Uomldentifier" use="required"/>
</extensiop>
</simpleContent>

</complexTy

<complexTyq
<simpleCon
<extensior
<attribute
</extensio|
</simpleCo
</complexTy

EXAMPLE

pbe>

e name="MeasureOrNilReasonListType">

tent>

base="gml:doubleOrNilReasonList">

name="uom" type="gml:Uomldentifier" use="required"/>
N>

htent>

be>

An application schema.may contain element declarations using these types

<element nafne = “heights” type ="“gml:MeasureListType”/>

<element nafne = “weights”dype = “gml:MeasureOrNilReasonListType”/>

so correspond

ng elements might appear in an instance document as follows:

<heights uonr=”m”>1.76 1.85 1.56 1.98</heights>

S gml:MeasureListType and gml:MeasureOrNilReasonListType provide for lis

from

sonType. It is intended to be used in situations where a term or classification is_expected, but

ts of

<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.
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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

9.2 | Relationship with ISO 19109

The GML feature model follows the principles specified in ISO 19109:2005, Clause 7. It provides b conformant,
partigl implementation of the ISO 19109 General Feature Model. The relationship is discussefl in detail in
D.2.4.

NOTEH The GML feature model also draws the feature collection cencept from OGC Abstract Specifigation Topics 5
and 1P.

9.3 | Features

9.3.1| AbstractFeatureType
The basic feature model is given by the gm1 : ABstractFeatureType, defined in the schema ag follows:

<complexType name="AbstractFeatureType".abstract="true">
<cgmplexContent>
<g¢xtension base="gml:AbstractGML{Iype">
{sequence>
<element ref="gml:boundedBy".minOccurs="0"/>
<element ref="gml:location"minOccurs="0"/>
{¥/sequence>
</extension>
</cpmplexContent>
</complexType>

The tontent model for gml :AbstractFeatureType adds two specific properties suitable for geographic
features to thexContent model defined in gm1 : AbstractGMLType.

The yalue of the gml :boundedBy property describes an envelope that encloses the entire feature instance,
and is primarily Useful for supporting rapid searching 10r 1eatures that occur in a particular focation.

The value of the gml:1ocation property describes the extent, position or relative location of the feature.
gmi:location is deprecated as part of the standard content model of gml:AbstractFeatureType.

9.3.2 AbstractFeature
The element gm1 : AbstractFeature is declared as follows:

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

9.4 Standard feature properties

9.4.1 bour]dedBy, BoundingShapeType, EnvelopeWithTimePeriod, EnvelopeWithTimePeriodTyp

This property
model is as f

<element

<comple

describes the minimum bounding box or rectangle that encloses the entire feature. lts cg
Dllows:

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

Type name="BoundingShapeType">

<sequence>

</s&
<att
</comple]

The gml:En

A nil value s

<choice>
<element ref="gml:Envelope"/>
<element ref="gml:Null"/>

</choice>

quence>

ibute name="nilReason" type="gml:NilReasonType"/>
XType>

velope elementis defined in 10.1.4.6.

hall be encoded as described in 8.2.3.2. The attribute nilReason may be used in such cas

specify the r¢ason for the nil value.

The value off
available for

NOTE 1 Si
an envelope d
two corners w|
convenience.

of a feature. Al

For envelop
follows:

<element
substituti

b

ntent

es to

gml:Null, used in previous versiohs of GML to encode that an extent is not applicable ¢r not

some reason, has been deprecated.

nce an envelope is defined simply by the positions of two diagonally opposing corners, the exact footp
epends on the coordinate reference system used. If the feature being described has zero extent, th
Il coincide and the envelope has zero size. The gml : boundedBy property is provided by a data supp
The value of the envelope is usually computable by the data consumer from the spatio-temporal prog
5 for all properties, it’is the responsibility of the data provider to ensure that the value is correct.

bs that include a temporal extent, gml :EnvelopeWithTimePeriod is provided, defing

name="EnvelopeWithTimePeriod" type="gml:EnvelopeWithTimePeriodType"
bnGroup="gml:Envelope"/>

rint of
en the
ier for
erties

d as

<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="#ISO-8601"/>
</extension>

</complexContent>
</complexType>

44
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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
coordinate reference system used for the positions defining the gm1 : Envelope may be indicated using the optional XML
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.

10.1.3.1), the

9.4.2

The
locat

4

If the
attrib

The
by th

EXAN
gml:

Locat
<Fealf

<gm
</Feq
Locat
<Fealf

<gm
</Feq

Locat

<Feaf
<gm

</Feq

locationName, locationReterence

bml:locationName property element is a convenience property where the text malue g
on of the feature. It is defined as follows:

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

location names are selected from a controlled list, then the list shall. be) identified in the
Lite.

ml:locationReference property element is a convenience Qroperty where the text valy
b x1ink:href attribute describes the location of the feature-lt.is defined as follows:

element name="locationReference" type="gml:ReferenceType'/>

PLE The following instances illustrate the (\different ways that a gml:locat
| ocationReference may appear in a data instance.

on given using a name from a controlled source:

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

on given using a text string:

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

on given by another service:

ure>

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

escribes the

codeSpace

e referenced

ionName or

Name>

\'4

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>
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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">
<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 nanjes is
the preferred method for names of properties including geometry properties.

inherent restrictions in the type of geometry property a feature type may have(as-long gs the
property valJe is a geometry object substitutable for gm1 : AbstractGeometry.

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

<complgxType name="RadioTowerType">
<complexContent>
<extgnsion base="gml:AbstractFeatureType">
<se(uence>
<element name="location" type="gml:PointProperty Type"/>
<element name="floorSpace" type="gml:SurfaceProperty Type"/>
<element name="serviceArea" type="gml:SurfacePropertyFype"/>

</ext¢nsion>
</complexContent>
</complexType>

The GML s¢hema includes predefined property types that may be used as types of geometry prqperty
element.
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XML Schema property type

Associated geometry object types
(element names)

PointPropertyType

Point

CurvePropertyType

AbstractCurve
LineString
Curve

OrientableCurve

CompositeCurve

SurfacePropertyType

AbstractSurface
Polygon

Surface
OrientableSurface

CompositeSurface

SolidProperty Type

AbstractSolid
Solid
CompositeSolid

MultiPointPropertyType MultiPoint
MultiCurvePropertyType MultiCurve
MultiSurfaceProperty Type MultiSurface
MultiSolidProperty Type MultiSolid
MultiGeometryProperty Type MultiGeometry
PointArrayProperty Type Point(s)
CurveArrayProperty Type AbstractCurve(s)
LineString(s)
Curve(s)

OrientableCurve(s)

CompositeCurve(s)

SurfdaceArrayPropertyType

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:TopoCurvePropertyType" maxOccurs="unbounded"/>
<element name="surface" type="gml:TopoSurfacePropertyType" maxOccurs="unbounded"/>
<I- -->
</sgquence>
</extgnsion>
</complexContent>
</complexType>

The GML sclhema includes predefined property types that may be used as types.of topology property elenent.
The first four|of these properties express direction, whereas the others do net;

Table 5 — Predefined formal topology property types

XML Schema property type ASSOCiat(i ?et;zzltor?gr:g;ﬂ types
DirectedNodePropertyType Node
DirectedEdgePropertyType Edge
DirectedFacePropertyType Face
DirectedTopoSolidPropertyType TopoSolid
TopoPointPropertyType TopoPoint
TopoCurvePropertyType TopoCurve
TopoSurfacePropertyType TopoSurface
TopoVolumePRropertyType TopoVolume
TopoComplexProperty Type TopoComplex

9.7 Temppral properties

Like for geometry*and topology properties, the definition of temporal property elements is in the respongibility
of the applicatioh-schema-desigher-

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>
<element name="constructionTime" type="gml:TimePeriodPropertyType"/>
<element name="completionTime" type="gml:TimelnstantPropertyType"/>
<element name="age" type="gml:TimelntervalLengthType"/>
<l >

</sequence>
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</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

Associated temporal object types

XML Schema property type (element names)

AbstractTimeGeometricPrimitive
Timelnstant
TimePrimitivePropertyType TimePeriod
AbstractTimeTopologyPrimitive
TimeEdge

TimeNode

AbstractTimeGeometricPrimitive

TimeGeometricPrimitivePropertyType Timelnstant

TimePetiod
TimelnstantPropertyType Timelnstant
TimePeriodPropertyType TimePeriod
TimeTopologyPrimitivePropertyType AbstractTimeTopologyPrimitive

TimeEdge

TimeNode
TimeEdgePropertyType TimeEdge
TimeNodePropertyType TimeNode
TimeTopologyComplexPropertyType TimeTopologyComplex

TimeOrdinalEraPropertyType

TimeOrdinalEra

TimeCalendarProperty Type

TimeCalendar

TimeGalendarEraPropertyType

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.

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.
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gml:AbstractFeatureType also inherits gml:id from gml:AbstractGMLType and this is the preferred
means of supporting database identifiers in GML.

NOTE

The deprecated properties have been omitted in this list of inherited properties.

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 th

e 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 3|mple content types, or propertles may have complex values, in

P T-V

which case th

In the applic
semantic typ
gml:Abstrd

ahb dd ba A (P2 | th o ribad Z9
IUy Snothaoe-aeearea OSTTy e pauclllo GeSerbea——=: u

ation schema defining a feature there shall be a global element declared whose name
e of the feature in the domain of discourse. The global element shall be made a member
ctFeature substitution group (directly or indirectly).

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

The content

9.9 Featu

9.9.1 GML

A GML featu

A GML featt
model is deri

In addition, t
reference to
the semantic]

EXAMPLE
MyFeatures:

<element nam

<complexTypsg
<comple
<ext

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

re collections

feature collections
re collection is a collection of GML feature instances.

re collection is any GML feature with a property element in its content model whose cg
ved by extension from gml : AbstractFeatuneMemberType (see 9.9.2).

s the
bf the

ntent

he complex type describing the content model of the GML feature collection may also incliide a

he attribute group gml : AggregationAttributeGroup to provide additional information
5 of the object collection as specifiedin’7.2.5.1.

The following schema components model a simple collection of arbitrary features; the collection is

e=“MyFeatures” type=“ex:MyEeaturesType” substitutionGroup="gml:AbstractFeature"/>

name="MyFeaturesType">

</eX

hbout

called

Content>
ension base="gml:AbstractFeatureType">
<sequence>
<element name="myMember" type="ex:MyFeaturesMemberType"
minOccurs="0" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
tension>

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

<MyFeatures aggregationType="set">
<gml:boundedBy>
<gml:Envelope srsName="urn:x-ogc:def:crs:EPSG:6.6:4326">
<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>

cmyuMambars
HHy e oot

<MyFeature gml:id="f2"/>
¥/myMember>

+myMember xlink:href="#{3"/>
</MyHeatures>

EXAMPLE 2 Often, the feature collection will contain instances of a specific type..In the example beld
collection is a road that consists of road segments.

<element name=“Road” type="ex:RoadType” substitutionGroup="gml:AbstractFeature"/>

<complexType name="RoadType">
fcomplexContent>
<extension base="gml:AbstractFeatureType">
<sequence>
<element name="segment" type="ex:RoadMemberType" minOccurs="0" maxOccurs="u
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
f¥/complexContent>
</complexType>

<complexType name="RoadMemberType">

fcomplexContent>

<extension base="gml:AbstractFeatureMemberType">
<sequence minOccurs="0">

<element ref="ex;RoadSegments"/>

</sequence>
<attributeGroup_ref="gml:AssociationAttributeGroup"/>

</extension>

f¥/complexContent>

</conplexType>

An example instance fragment encoding a ordered collection of road segments is shown below:

<Roafl gml:id="r1" aggregationType="sequence”>
fsegment>

w, the feature

hbounded"/>

<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.

© 1SO 2007 — All rights reserved
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<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 gml:OwnershipAttributeGroup may be used on a property element instance to assert

ownership of a feature in the collection. A collection shall not own a feature already owned by another object.

9.10 SpatiJlI reference system used in a feature or feature collection

The value of|the gm1 :boundedBy property for a feature or feature collection is usually a gml :Envelogpe. In

common with all geometry elements derived from gml:AbstractGeometryType (see~90.1.3.1), the

coordinate reference system used for the positions defining the gm1 : Envelope may berindicated using the

optional XM attribute srsName.

For convenignce in constructing feature and feature collection instances, the value-of the srsName attfibute

on the gml : Envelope which is the value of the gm1 : boundedBy property of the feature shall be inherited by

all directly edpressed geometries in all properties of the feature or members_6f the collection, unless ovefruled

by the presence of a local srsName. Thus it is not necessary for a geomefryto carry a srsName attribut%, if it

uses the same coordinate reference system as given on the gml :boundedBy property of its parent feature.

Inheritance qf the coordinate reference system continues to any depthof nesting, but if overruled by a|local

srsName deglaration, then the new coordinate reference system isgnherited by all its children in turn.

Notwithstanding this rule, all the geometries used in a feature or feature collection may carry srsiName

attributes, in forder 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 Overyiew

NOTE 1 THe geometry model of\GML complies with ISO 19107. The underlying concepts of the types and elemgnts of

the GML geonpetry model are disc¢dssed in this document in more detail.

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

NOTE 2 THe corresponding geometry schema documents, geometryBasicOd1d.xsd, geometryBasic2d.xsq and

geometryPrim[tives.xsd (see Annex C), are identified by the following location-independent names (using URN syntak):
urn:X-ogc.speciication.gmi:scnema-xsa.geometrybasICUd 1a:s.£. 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), which already has a coordinate reference system

52 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

specified, then these elements are assumed to be in that same coordinate reference system unless otherwise

speci

fied.

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 3
partic

D.2.3

The |
are s
the G

In ad

D.3.§.

10.1.

10.1.

4

4

All ge
have
gml:
be as

The f
—

q

4

bpatial geometry components of the GML schema specified in Clauses 10 and 11 providg &
| implementation of the ISO 19107 spatial schema (geometry). The relationship is disclusse

pecified in ISO 19107 for these types, which are also constraints on the spatial geometry cq
ML schema.

dition, GML specifies complementary spatial geometry schema compenents as describe

B Abstract geometry

B.1 AbstractGeometryType

complexType name="AbstractGeometryType" abstract="true">
<complexContent>
<extension base="gml:AbstractGMLType!'=
<attributeGroup ref="gml:SRSReferenceGroup"/>
</extension>
</complexContent>
/complexType>

ometry elements are derivedudirectly or indirectly from this abstract supertype. A geometry
an identifying attribute (gml:id), may have one or more names (elements gml:iden
name) and a description\(elements gml :description and gml:descriptionReferen|
sociated with a spatial reference system (attribute group gml : SRSReferenceGroup).

pllowing rules shallbe adhered to:
Fvery geometry type shall derive from this abstract type.

Fverytgeometry element (i.e. an element of a geometry type) shall be directly or ind
ubstitution group of AbstractGeometry.

conformant,
d in detail in

SO 19107 geometry types implemented in GML are specified in ISO 19107; some additional constraints

mponents of

1 in D.3.5 to

lement shall
tifier and
ce)?). It may

rectly in the

10.1.3.2 SRSReferenceGroup

<attributeGroup name="SRSReferenceGroup">

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

</attributeGroup>

2) D

©I1SO

eprecated properties have been omitted from this list. Nevertheless, they are still valid content.
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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 coniexis .
NOTE THe name “srsName” has been chosen deliberately. In the current version of GML “crsName” would bel more
appropriate, hpwever, 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 dimensjon is
derived from|the coordinate reference system. When the srsName attribute is omitted; this attribute shall be
omitted.
10.1.3.3 SRSInformationGroup
<attributgGroup name="SRSInformationGroup">
<attfibute name="axisLabels" type="gml:NCNameList" />
<attribute name="uomLabels" type="gmI:NCNamelList" />
</attributeGroup>
The attributels uomLabels and axisLabels, defined intheé gml:SRSInformationGroup attribute group,
are optional [additional and redundant information forla CRS to simplify the processing of the coordinate

values when|

attribute is ir
When the s

The attribute
value should
srsName att
shall also be

The attribute]
value of the
forbidden ch

cluded, either both or neither of the! axislLabels and uomLabels attributes shall be incl
sName attribute is omitted, both, of these attributes shall be omitted.

axisLabels is an ordered list of labels for all the axes of this CRS. The gml:axisAb
be used for these axis’ labels, after spaces and forbidden characters are removed. Whe
Fibute is included~his’ attribute is optional. When the srsName attribute is omitted, this att
omitted.

uomLabgls is an ordered list of unit of measure (uom) labels for all the axes of this CRS
string \in" the gml:catalogSymbol should be used for this uom labels, after spaces
bracters are removed. When the axisLabels attribute is included, this attribute shall al

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 srs

Name

Ided.

brev
n the
ibute

. The
and
50 be

included. WH

en.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_Object by this GML object.
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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
both

If af
gene
desc

10.1.

4

4

Ifaf
array
follow

oranothrer document)—Notethat either thereference or the contamed—efement stattbe g
Dr none, see 7.2.3.

bature has a property that takes a geometry element as its value, this is called a-geometr
ric type for such a geometry property is gml : GeometryPropertyType which follows the
ibed in 7.2.3.

B.6 GeometryArrayPropertyType

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

property. A generic type for such a geometry property is gml : GeometryArrayPropert
s the general rules described in 7.2.3.

The ¢lements are always contained inline in the array property. Referencing geometry elements

geon

EXAM
(inclu
gml:

etry elements via XLinks is not suppofted.
PLE All elements in a gml :GéometryArrayPropertyType are of the type gml :AbstractG

\bstractGeometry.

10.1.4 Coordinate geometry, vectors and envelopes

10.1.4.1 DirectPositionType, pos

4

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

iven, but not

y property. A
peneral rules

pature has a property which takes an array of geometry elements as its value, this is calledl a geometry

' Type which

or arrays of

bometryType

ling types derived from this absttact base type) as long as the element is directly or indirectly sybstitutable for

</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

presence of the srsName attribute.</sch:assert>

©I1SO
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<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>

h:rule>
tern>

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 bgspecified—as part of the tfarger context this geometry efement 15 part of, typicalty a geo
object like a point, curve, etc.
NOTE It {s 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">
<sinppleContent>
<extension base="gml:doubleList">
<attributeGroup ref="gml:SRSReferenceGroup"/>
<attribute name="count" type="positivelnteger" />
</extension>
</sithpleContent>
</compleixType>
<elemen{ name="posList" type="gml:DirectPositionListType"./>
gml:posLigt instances (and other instances with the content model specified by DirectPositionList]

hold the coordinates for a sequence of direct positions within the same coordinate reference system (CR

The attribute]
shall be speq

group “SRSReferenceGroup” is ‘described in 10.1.3.2. If no srsName attribute is given, the
ified as part of the larger context this geometry element is part of, typically a geometric obje

a point, curve, etc.

NOTE It
The optional
present then

The number
system (i.e.
positions.

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

attribute court)specifies the number of direct positions in the list. If the attribute cou
the attribute s¥sDimension shall be present, too.

of entries”in the list is equal to the product of the dimensionality of the coordinate refe
it isr a’derived value of the coordinate reference system definition) and the number of

etric

['ype)
B).

CRS
ot like

nt is

ence
Hirect

D.2.3.4 specifies the implementation of ISO 19107 GM_PointArray using direct positions only by these

schema com

ponents.

10.1.4.3 geometricPositionGroup

<group n

ame="geometricPositionGroup">

<choice>

<element ref="gml:pos"/>
<element ref="gml:pointProperty"/>

</choice>

</group>
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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 : posLigt).

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

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

NOTH The definition of this group may be used as a-pattern in the definition of geometric primitives infstead of using
this group definition directly. The main change will typically be a change in the multiplicity of the referepced group. A
LineSjtring, for example, requires at least two positions,

Also, [to support deprecated elements, i.e. gnl;»coordinates (superceded by gml:posList) and ghl:pointRep
(supefseded by gml :pointProperty), the current encodings of point arrays in GML, e.g. in curve segmgnts, uses this
group as a pattern and adds the deprecated €lements.

10.1.4.5 VectorType, Vector

<complexType name="VectorLype">
<simpleContent>

<festriction base="gml:DirectPositionType"/>
</s|mpleContent>,

</complexType>

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

gnml :lvector 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>
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<element ref="gml:pos" minOccurs="2" maxOccurs="2"/>
<element ref="gml:coordinates"/>

</choice>
<attributeGroup ref="gml:SRSReferenceGroup"/>

</comple

xType>

<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 fi
consisting of

The use of
properties “I

NOTE R

all the maximal ordinates for each dimension for all points within the envelope).

e properties “coordinates” and “pos” in Envelope has been deprecated. The explicitly n
werCorner” and “upperCorner” shall be used instead.

gardless of dimension, an envelope can be represented without ambiguity as.two direct po

sition

bmed

itions

(coordinate pqints) provided the ordering of those points adheres to the specified rule. Envelope)is often referred t¢ as a

minimum bou
region, if the r
as those term
of a geometry
Longitude and
the surface of

10.2 Abstr

10.2.1 Abst

<comple

<coinplexContent>

</co
</comple]

<element
subg

gml :Abstrd
geometric pr
primitives are

The gml: AR

(pre- and user-defined) geometric primitives.

gml :Abstrd

ding box or rectangle. However, this Envelope will not always specify the MINIMUM rectangular bot
bferenced CRS is a Geodetic CRS, or uses an Ellipsoidal, Spherical, Polar, ar Cylindrical coordinate sy
are specified in 12.4. Specifically, this Envelope will not specify the MINIMUM rectangular bounding
whose set of points span the value discontinuity in an angular coerdinate axis. Such axes includ
Latitude of Ellipsoidal and Spherical coordinate systems. That geometry could lie within a small reg
the ellipsoid or sphere, or could extend completely around the ellipsoid or sphere.

Act geometric primitives

ractGeometricPrimitiveType, AbstractGeometricPrimitive

Type name="AbstractGeometricPrimitive Type'(abstract="true">

<extension base="gml:AbstractGeometryType" />
mplexContent>
XType>

name="AbstractGeometricPrifnitive" type="gml:AbstractGeometricPrimitive Type" abstract="true"
titutionGroup="gml:AbstractGeometry" />

ctGeometricPrifvitiveType is the abstract root type of the geometric primitive
mitive is a geométric object that is not decomposed further into other primitives in the syste
oriented in the.direction implied by the sequence of their coordinate tuples.

stract@epmetricPrimitive element is the abstract head of the substitution group f

implements ISO 19107 GM_Primitive D.2.3.3

&tGeometricPrimitive

nding
stem,
egion
e the
on on

m. All

or all

and

(see

ISO 19107:2

03,6.3.10).

10.2.2 GeometricPrimitivePropertyType

<complexType name="GeometricPrimitiveProperty Type">
<sequence minOccurs="0">

</se

<element ref="gml:AbstractGeometricPrimitive" />
quence>

<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
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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:AbstractGeometricPrimitiveType">
<sequence>
<choite>
<element ref="gml:pos" />
<element ref="gml:coordinates" />
</choice>
</sequence>
</extension>
</complexContent>
¥/complexType>

felement name="Point" type="gml:PointType" substitutionGroup="gml:AbstractGeometricPrimitive" />

A gnjl:Point is defined by a single coordinate tuple. The direct/position of a point is spefified by the
gml :jpos element which is of type gml :DirectPositionType.

gml :|Point implements ISO 19107 GM_Point (see D.2.3.3 andISO 19107:2003, 6.3.11).

The dse of the element “coordinates” is deprecated. UseXpos” instead.

10.3.2 PointPropertyType, pointProperty

fcomplexType name="PointPropertyType">
<sequence minOccurs="0">

<element ref="gml:Point"/>
</sequence>
<attributeGroup ref="gml:AssaciationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
¥/complexType>

felement name="pointRProperty" type="gml:PointPropertyType" />

A prgperty that has a point as its value domain may either be an appropriate geometry element ¢ncapsulated
in an element of ‘this type or an XLink reference to a remote geometry element (where renjote includes
geonjetry elements located elsewhere in the same document). Either the reference or the contajned element
shall pe givenyxbut neither both nor none.

This
pointl . ; G
feature has a property with a value that is substltutable for gml:Point.

property element elther references a point via the XLink- attrlbutes or contains the pgint element.
‘ whenever a GML

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" />
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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 Abst

<comple

<cofnplexContent>

</co
</comple]

<element
subg

gml :Abstrd
curve may al

The gml : A
elements.

10.4.2 CurvePropertyType, curveProperty

<comple
<se

</s¢
<att
<att
</comple]

<element

A property th
in an eleme
geometry ele
shall be give

This propert
curvePropert
feature has g

ractCurveType, AbstractCurve

Type name="AbstractCurveType" abstract="true">

<extension base="gml:AbstractGeometricPrimitive Type"/>
mplexContent>
XType>

name="AbstractCurve" type="gml:AbstractCurveType" abstract="true"
titutionGroup="gml:AbstractGeometricPrimitive" />

ctCurveType is an abstraction of a curve to support the different levels of complexity,
ways be viewed as a geometric primitive, i.e. is continuous.

stractCurve element is the abstract head of the substitution group for all (continuous)

Type name="CurvePropertyType">

juence minOccurs="0">

<element ref="gml:AbstractCurve"/>

quence>

ibuteGroup ref="gml:AssociationAttribute Group"/>
ibuteGroup ref="gml:OwnershipAttributeGroup"/>
XType>

name="curveProperty" type="gml:CurvePropertyType" />

at has a curve as itsovalue domain may either be an appropriate geometry element encapst
ht of this type or”an XLink reference to a remote geometry element (where remote inc
ments located €lsewhere in the same document). Either the reference or the contained ele
n, but neither'both nor none.

y element”either references a curve via the XLink-attributes or contains the curve ele
y iscthé~predefined property which may be used by GML application schemas whenever a
praeperty with a value that is substitutable for gm1 : AbstractCurve.

The

curve

lated
udes
ment

ment.
GML

10.4.3 CurveArrayPropertyType, curveArrayProperty

<complexType name="CurveArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">

</se

<element ref="gml:AbstractCurve" />
quence>

<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</comple

xType>

<element name="curveArrayProperty" type="gml:CurveArrayProperty Type" />

A container for an array of curves. The elements are always contained inline in the array property.

Referencing

60

geometry elements or arrays of geometry elements via XLinks is not supported.
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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="gmli:pointRep"/>
</choice>
<element ref="gml:posList"/>
<element ref="gml:coordinates"/>
</choice>
</sequence>
</extension>
</complexContent>
¥/complexType>

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

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

The ¢ncoding of the control points follows the pattern described in 10.1.4.4. The number of diredt positions in
the ligt shall be at least two.

NOTH ISO 19107 GM_LineString is implemented)by gml : LineStringSegment.

10.4.6 CurveType, Curve

fcomplexType name="CurveType">
<complexContent>
<extension base="gml"AbstractCurveType">
<sequence>
<element ref="gml:segments" />
</sequence>
</extension>
</complexContent>
/complexType=

A

felementiname="Curve" type="gml:CurveType" substitutionGroup="gml:AbstractCurve" />

gml :|Cusve 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.

© IS0 2007 — Al rights reserved 61


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

10.4.6 OrientableCurveType, OrientableCurve, baseCurve

<complexType name="OrientableCurveType">
<complexContent>

</co

<extension base="gml:AbstractCurveType">
<sequence>
<element ref="gml:baseCurve" />
</sequence>
<attribute name="orientation" type="gml:SignType" default="+" />
</extension>
mplexContent>

</complexType>

<element
<element

gml:Orient

6.3.14).

gml:Orient
gml:Orient
gml:Orient
the sense of

The property
via the XLinK
for gml:Abs

NOTE TH

gml:Orientd
10.4.7 Curv

10.4.71

<comple
<att
<att
<att
</comple]

<element
substituti

gml:Abstrd
ISO 19107:2

AbstractCurveSegmentType, AbstractCurveSegment

name="baseCurve" type="gml:CurvePropertyType" />
name="OrientableCurve" type="gml:OrientableCurveType" substitutionGroup="gml:AbstractCarve" />

fableCurve implements 1ISO 19107 GM_OrientableCurve (see D.2.3.3 and, SO 19107:

ableCurve consists of a curve and an orientation. If the orienkation is "+", the
fableCurve is identical to the gml:baseCurve. If the orientdtion is "-", ther
ableCurve is related to another gml : AbstractCurve with a parameterization that rev
the curve traversal.

gml :baseCurve references or contains the base curveyi.e: it either references the base
-attributes or contains the curve element. A curve elemént is any element which is substitd
tractCurve. The base curve has positive orientation:

is definition allows for a nested structure,
bleCurve as its base curve.

b segments

Type name="AbstractCurveSegmentType" abstract="true">

ibute name="numDerivativesAtStart" type="integer" default="0" />
ibute name="numDerivativesAtEnd" type="integer" default="0" />

ibute name="numDeriyativeInterior" type="integer" default="0" />

XType>

name="AbstractCurveSegment" type="gml:AbstractCurveSegmentType" abstract="true"
bnGroup="gml:AbstractObject" />

ctCurveSegment implements [1SO 19107 GM_CurveSegment (see D.2.3.3
D035.6:4.9).

P003,

h the
the
Brses

Curve
table

i,e:i'an gml:OrientableCurve may use another

and

A curve segment defines a homogeneous segment of a curve.

The attributes numDerivativesAtStart,

numDerivativesAtEnd and numDerivativesInte

specify the type of continuity as specified in ISO 19107:2003, 6.4.9.3.

rior

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:CurvelInterpolationType
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.

62

© 1SO 2007 — All rights re

served


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

10.4.7.2 CurveSegmentArrayPropertyType, segments

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

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

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

This property element contains a fist of curve segments. 1he order of the efements s signiticant|and shall be
presgrved when processing the array.

10.4.f.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, 6.4.9).

10.4.7.4 LineStringSegmentType, LineStringSegment

fcomplexType name="LLineStringSegmentType">
<complexContent>
<extensionbase="gml:AbstractCurveSegmentType">
<sequence>
<choice>
<choice minOccurs="2" maxOccurs="unbounded">
<element ref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep"/>
fchoice>
<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 I1SO 19107 GM_LineString (see D.2.3.4 and 1SO 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" fixéd="circularArc3Points" />
<attribute name="numArc" type="integer" />
</extension>
</cgmplexContent>
</complexType>

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

gml:ArcString implements ISO 19107 GM_ArcString (see D.2:3.4 and ISO 19107:2003, 6.4.14).

A gml:Arcqdtring is a curve segment that uses three-point circular arc interpolation (“circularArc3Pojnts”).
The number|of arcs in the arc string may be explicitly (stated in the attribute numaArc. The number of cpntrol
points in the frc string shall be 2 * numArc + 1.

The content nodel follows the general pattern for'the encoding of curve segments (see 10.4.7).

10.4.7.6 AincType, Arc

<complexType name="ArcType">
<cofnplexContent>
<restriction base="gml:ArcStringType">
<sequencex
<cheice>
<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" />

gml :Arc implements ISO 19107 GM_Arc (see D.2.3.4 and ISO 19107:2003, 6.4.15).
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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 Cirgle is an arc whose ends coincide to form a simple closed loop. The three control(points shall be distinct
non-g¢o-linear points for the circle to be unambiguously defined. The arc is simply_éxtended past the third
contrpl point until the first control point is encountered.

10.4.7.8 ArcStringByBulgeType, ArcStringByBulge

fcomplexType 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:cootdinates" />
</choice>
<element name="bulge" type="double" maxOccurs="unbounded"/>
<element name="nermal" type="gml:VectorType" maxOccurs="unbounded" />
</sequence>
<attribute name="interpolation” type="gml:CurvelnterpolationType"
fixed="circularArc2PointWithBulge" />
<attribute name="numArc" type="integer" />
</extension>
</complexContent>
¥/complexType>

felement name="ArcStringByBulge" type="gml:ArcStringByBulgeType"
substitttionGroup="gml:AbstractCurveSegment" />

gml:|ArgSEringByBuldge implements 1SO 19107 GM_ArcStringByBuldge (see D0.2.3.4 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).

The interpolation is fixed as "circularArc2PointWithBulge".

The number of arcs in the arc string may be explicitly stated in the attribute numaArc. 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).
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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>
<olement rof—"gml-pnel ist" />
<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>
</cgmplexContent>
</complexType>

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

gml :ArcByBuldge implements ISO 19107 GM_ArcByBuldge (see D.2.3-4 and 1SO 19107:2003, 6.4.18).
An ArcByBulge is an arc string with only one arc unit, i.e. two control¢pgints, 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 AicByCenterPointType, ArcByCenterPoint

<complexType name="ArcByCenterPointType">
<cofnplexContent>
<extension base="gml:AbstractCurveSegmentType">
<sequence>
<choice>
<choice>
<elementyref="gml:pos" />
<element ref="gml:pointProperty" />
<element ref="gml:pointRep" />
</choice>
<€lement ref="gml:posList" />
<element ref="gml:coordinates" />
</cheice>
<element name="radius" type="gml:LengthType" />
<element name="startAngle" type="gml:AngleType" minOccurs="0" />
<element name="endAngle" type="gml:AngleType" minOccurs="0" />
</sequence>
attribute-Rame="interpolation~type
fixed="circularArcCenterPointWithRadius" />
<attribute name="numArc" type="integer" use="required" fixed="1" />
</extension>
</complexContent>
</complexType>

LIPYSN Y aTET-wrN =Y 3 lotionT
g oourveTmteTrporatormTTypT

<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.
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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

fcomplexType 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:LeagthType" />
</sequence>
</restriction>
</complexContent>
¥/complexType>

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

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

10.4.7.12 CubicSplineType, CubicSpline

fcomplexType name="CubicSplineType">
<complexContent>
<exténsion 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="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>
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<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 degrge for
a cubic spling is fixed to "3".

The content nodel follows the general pattern for the encoding of curve segments (see 10.4,7)-

10.4.7.13 B$plineType, BSpline

<complexType name="BSplineType">
<cofnplexContent>
<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>
</cgmplexContent>
</complexType>

<elemen{ name="BSpling™type="gml:BSplineType" substitutionGroup="gml:AbstractCurveSegment" />

gml:BSpline implements ISO 19107 GM_BSplineCurve (see D.2.3.4 and 1ISO 19107:2003, 6.4.30).

A B-Spline i$ a“ piecewise parametric polynomial or rational curve described in terms of control point$ and
basis functi ifi i : ' i pither
"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).
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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 :lvalue is the value of the parameter at the knot of the spline (see ISO 19107:2003) 6.4.24.2).
gml:jmultiplicity is the multiplicity of this knot used in the definition of the spline (with the same weight).
gml :lweight is the value of the averaging weight used for this knot of the.spline.

fcomplexType name="KnotPropertyType">
<sequence>
<element name="Knot" type="gml:KnotType" />
</sequence>
¥/complexType>

gml :[KnotPropertyType encapsulates a knot to use it ih a geometric type.

10.4.7.15 KnotTypesType

¥simpleType name="KnotTypesType">

<restriction base="string">
<enumeration value="uniform*/>
<enumeration value="quasiUniform" />
<enumeration value="piecewiseBezier" />

</restriction>

4/simpleType>

gml :[KnotTypesTypedimplements ISO 19107 GM_KnotType (see D.2.3.4 and ISO 19107:2003,|6.4.25).

This gnumeration type specifies values for the knots’ type (see ISO 19107:2003, 6.4.25).

10.4.7.16 BezierType, Bezier

fcomplexType name="BezierType">
(nnmplov(‘nnfcnfs
<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>
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<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 cageofthe B=Sptinecurvewithrtwoknots:

gml : degreg 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".

isPolynomjal is fixed as “true”.

knotType if not relevant for Bezier curve segments.

10.4.7.17 OffsetCurveType, OffsetCurve

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

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

An offset curpe is a curve at a constant distance from the basis curve.
gml:0ffsefCurve implements ISO 19107 GM_OffsetCurve (see D.2.3.4 and I1SO 19107:2003, 6.4.23).
gml:offsefBase is the~base curve from which this curve is defined as an offset. gml:distancd and
gml:refDirectionibave the same meaning as specified in ISO 19107:2003, 6.4.23.

The content jnodel 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"/>
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gml:AffinePlacement implements ISO 19107 GM_AffinePlacement (see D.2.3.4 and 1SO 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">

A clothoid, or Cornu's spiral, is plane curve whose curvaturg-is a fixed function of its length.

gml

gml:

mea

intdrpolation is fixed as "clothoid".

The

10.4.

<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>

felement name="Clothoid" type="gml:ClothoidType" substitutionGroup="gml:AbstractCurveSegment"/~

ning as specified in ISO 19107:2003, 6.4.22.

¢ontent model follows the general pattern for the encoding of curve segments (see 10.4.7).

7.20 GeodesicStringType, GeodesicString

fcomplexType name="GeodesicStringType">
<complexContent>
<extension base="gml:AbstractCurveSegmentType">
<choice>
<element ref="gml:posList"/>

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

<group ref="gml:geometricPositionGroup" minOccurs="2" maxOccurs="unbounded"

</extension>

</complexContent>
</complexType>

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

:IClothoid implements ISO 19107 GM_Clothoid (see D.2.3.4 and I1SO 19107:2003, 6.4.22).
refLocation, gml:startParameter, gmhendParameter and gml:scaleFactor have the same

gml:GeodesicString implements ISO 19107 GM_GeodesicString (see D.2.3.4 and 1SO 19107:2003,
6.4.12), a sequence of geodesic segments.

The

int

number of control points shall be at least two.

erpolation is fixed as "geodesic".
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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>

</co

<extension base="gml:GeodesicStringType"/>
mplexContent>

</complexType>

<element

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

gml :Geode

10.5 Geonmni

10.5.1 Abst

<comple

<cofnplexContent>

</co
</comple]

<element
subg

gml:Abstrd
surface is alV

The gml:AH
surface elem

10.5.2 SurfgcePropertyType, surfaceProperty

<comple
<se

</s€
<attl
<attl
</comple]

<element

A property
encapsulateq

ic implements ISO 19107 GM_Geodesic (see D.2.3.4 and ISO 19107:2003, 6.4.13).
etric primitives (2-dimensional)

ractSurfaceType, AbstractSurface

Type name="AbstractSurfaceType" abstract="true">

<extension base="gml:AbstractGeometricPrimitive Type"/>
mplexContent>

XType>

name="AbstractSurface" type="gml:AbstractSurfaceType" abstract="true"
titutionGroup="gml:AbstractGeometricPrimitive" />

vays a continuous region of a plane.

stractSurface element is the abstract head of the substitution group for all (contin
ents.

Type name="SurfacePropertyType">

luence minOccurs="0">

<element ref="gml:AbstractSurface"/>

quence>

ibuteGroup ref="gml:AsscCiationAttributeGroup"/>
ibuteGroup ref="gml:OwnershipAttributeGroup"/>
XType>

name="surfaceProperty" type="gml:SurfacePropertyType" />

hat has a surface as its value domain may either be an appropriate geometry elg
in“an element of this type or an XLink reference to a remote geometry element (where re
metry elements located elsewhere in the same document). Either the reference or the cont

ctSurfaceType is an abstraction of a surface tocsupport the different levels of complexjity. A

lous)

ment
mote
hined

includes geo

element shal

| 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="SurfaceArrayPropertyType">
<sequence minOccurs="0" maxOccurs="unbounded">

</se

72

<element ref="gml:AbstractSurface" />
quence>
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<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 s

upported.

<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.

A gnm

NOTH ISO 19107 GM_Polygon is implemented bygm1 : PolygonPatch.

The
spec

10.5.

A bo

distin
all bg

4

from

fcomplexType name="PolygonType">

¥/complexType>

felement name="Polygon" type="gml:PolygonType" substitutionGroup="gml:AbstractSurface" />

felement name="exterior’-type="gml:AbstractRingProperty Type" />

A borndary of a surface consists of a number of rings. The "interior" rings separate the surface/s

# PolygonType, Polygon

<complexContent>
<extension base="gml:AbstractSurfaceType">
<sequence>
<element ref="gml:exterior" minOccurs="0" />
<element ref="gml:interior" minOccurs="0" maxOccurs="unbounded" />
</sequence>
</extension>
</complexContent>

fied below.

b exterior, interior

undary of a surface-consists of a number of rings. In the normal 2D case, one of th
guished as being the exterior boundary. In a general manifold this is not always possible, i
undaries shall)be’listed as interior boundaries, and the exterior will be empty.

elementwame="interior" type="gml:AbstractRingPropertyType" />

he area enclosed by the rings.

1 : Polygon is a special surface that is defined by:a"single surface patch (see D.3.6). Thel boundary of
this patch is coplanar and the polygon uses planar intefpolation in its interior.

blements gml:exterior and gml:imnterior describe the surface boundary of the polygon and are

ese rings is
n which case

urface patch

10.5.6 AbstractRingType, AbstractRing

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

<sequence/>

</complexType>

<element name="AbstractRing" type="gml:AbstractRingType" abstract="true"

substitutionGroup="gml:AbstractObject"/>

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

©I1SO
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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="AbstractRingPropertyType">
<sequence>
<element ref="gml:AbstractRing"/>
</sequence>
</complexType>

A property with the content madel of gm1 : AbstractRingPropertyType encapsulates a ring to represent
the surface Houndary property of a surface.

10.5.8 LinearRingType, LinearRing

<complexType name="LinearRingType">
<cofnplexContent>
<extension base="gml:AbstractRingType">
<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>
</cgmplexContent>
</complexType>

<elemen{ name="LinearRing" type="gml:LinearRingType" substitutionGroup="gml:AbstractRing" />

A gml:LindarRing is defined by four or more coordinate tuples, with linear interpolation between them; the
first and last poordinates shall be coincident:

The encoding of the control points fellows the pattern described in 10.1.4.4. The number of direct positigns in
the list shall be at least four.

10.5.9 LinearRingPropertyType

<complexType names"LinearRingPropertyType">
<sequence>
<element ref="gml:LinearRing"/>
</sequence>
</complekType>

A property with the content model of gml:LinearRingPropertyType 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>
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</complexContent>

</complexType>

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

36:2007(E)

A Surface is a 2-dimensional primitive and is composed of one or more surface patches as specified in

ISO
gml

gml

10.5.|11 OrientableSurfaceType, OrientableSurface, baseSurface

gml:

ISO

gml
gml

gml:
direction for this gm1 : OrientableSurface, the sense of "the top of the surface".

The

eithef references the base surface via the XLink-attributes or contains the surface element. A sur
is any element which is substitutable for gm1 : AbstractSurface. The base surface has positive

NOTH This definition” allows for a nested structure, i.e. a gml:OrientableSurface may
gml:

10.5.

19107:2003, 6.3.17.1. The surface patches are connected to one another.

:Surface implements ISO 19107 GM_Surface (see D.2.3.4 and ISO 19107:2003, 6.3.17).

:patches encapsulates the patches of the surface.

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

felement name="baseSurface" type="gml:SurfacePropertyType"/>
felement name="COrientableSurface" type="gml:OrientableSusfaceType" substitutionGroup="gml:Abstrg

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

:lorientableSurface consists of a surface and an orientation. If the orientation is
:lorientableSurface is identical to\the gml:baseSurface. If the orientation is
OrientableSurface is areferenceo a gml : AbstractSurface with an up-normal that

property gml :baseSurface references or contains the base surface. The property gml :b

DbrientableS{izface as its base surface.

1.1 RingyRingType, curveMember

fcomplexType name="RingType">

ctSurface" />

2.3.4 and

'+" then the
'-" then the
reverses the

seSurface
face element
orientation.

use another

<anp|ny(‘nn’rnnf>

<extension base="gml:AbstractRingType">

<sequence>
<element ref="gml:curveMember" maxOccurs="unbounded" />

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

</extension>

</complexContent>
</complexType>

<element name="Ring" type="gml:RingType" substitutionGroup="gml:AbstractRing" />

<element name="curveMember" type="gml:CurvePropertyType" />

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

NOTE

which in turn may be constructed from other gm1 : CompositeCurves as a curve members.

This definition allows for a nested structure, i.e. a gml:curveMember may be a gml:CompositeCurve

10.5.11.2 RingPropertyType

<complexType name="RingPropertyType">

<se

</s
</compl

A property
component

10.5.11.3 P
<element

gml:Polyhd
ISO 19107:2

A polyhedra
curves.

gml :patchd
patches.

10.5.11.4 Tn
<element

gml:Trian

ISO 19107:2

A triangulate
how the trian

uence>

<element ref="gml:Ring"/>
uence>

Type>

ith the content model of gml:RingPropertyType encapsulates a ring to represe¢nt a

a surface boundary.

lyhedralSurface

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

bdralSurface implements 1SO 19107 GM-PolyhedralSurface (see D.2.3.4
D03, 6.4.35).
surface is a surface composed of polygon patches connected along their common bou

bs encapsulates the polygon patehés of the polyhedral surface. All patches shall be po

iangulatedSurface

name="TriangulatedSutface" type="gml:SurfaceType" substitutionGroup="gml:Surface"/>

ultedsurfage/ implements 1SO 19107 GM_TriangulatedSurface (see D.2.3.4

h03, 6.4.37);

gulation is derived.

and

ndary

ygon

and

d surface'is a polyhedral surface that is composed only of triangles. There is no restriction on

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>

76

<extension base="gml:TriangulatedSurfaceType">
<sequence>

<element name="stopLines" type="gml:LineStringSegmentArrayPropertyType" minOccurs="0"

maxOccurs="unbounded"/>

<element name="breakLines" type="gml:LineStringSegmentArrayPropertyType" minOccurs="0"

maxOccurs="unbounded"/>
<element name="maxLength" type="gml:LengthType"/>
<element name="controlPoint">
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gml:

A tin]is a triangulated surface that uses the Delauny algorithm or a similar algorithm complg
consideration of stoplines (gml:stopLines), breaklines (gml:breakLines){Jand maximu

ISO 191

<complexType>
<choice>
<element ref="gml:posList"/>
<group ref="gml:geometricPositionGroup" minOccurs="3"
maxOccurs="unbounded"/>
</choice>
</complexType>
</element>
</sequence>
</extension>
</complexContent>
</complexType>

felement name="Tin" type="gml:TinType" substitutionGroup="gml:TriangulatedSurface"/>

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

36:2007(E)

mented with
m length of

triangle sides (gml:maxLength). gml:controlPoint shall contain a set of the positions (thfee or more)

used|as posts for this TIN (corners of the triangles in the TIN). See ISO 19107:2003, 6.4.39 for dg

10.5.

gml:
10.5.

10.5.

A surface patch defines.a homogenous portion of a surface.

gml

6.4.31).

The

patch elements describing a continuous portion of a surface.

11.6 LineStringSegmentArrayPropertyType

fcomplexType name="LineStringSegmentArrayPropertyType">

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

</sequence>

$/complexType>

LineStringSegmentArrayPropertyTypéprovides a container for line strings.

12 Surface patches

2.1 AbstractSurfacePatchType;.gml : AbstractSurfacePatch

fcomplexType name="AbstractSurfacePatchType" abstract="true" />

felement name="AbstractSutfacePatch" type="gml:AbstractSurfacePatchType" abstract="true" />

:[labstractSdZfacePatch implements ISO 19107 GM_SurfacePatch (see D.2.3.4 and ISC

bml : AbstractSurfacePatch element is the abstract head of the substitution group fq

tails.

19107:2003,

r all 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>

© 1SO 2007 — All rights reserved
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gml:SurfacePatchArrayPropertyType is a container for a sequence of surface patches.

<element name="patches" type="gml:SurfacePatchArrayPropertyType" />

The gml :patches property element contains the sequence of surface patches. The order of the elements is
significant and shall be preserved when processing the array.

10.5.12.3 SurfacelnterpolationType

<simpleType name="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" />
</reptriction>

</simpleType>

gml:Surfa¢eInterpolationType is a list of codes that may be 4ised to identify the interpojation
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 Pg¢lygonPatchType, PolygonPatch

<complexType name="PolygonPatchType">
<coinplexContent>
<extension base="gml:AbstractSurfacePatehType">
<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>
</cgmplexContent>
</complexType>

<elemen{ name="PolygonRatch" type="gml:PolygonPatchType" substitutionGroup="gml:AbstractSurfacePatch" |/>

gml:Polyg¢nPatchimplements ISO 19107 GM_Polygon (see D.2.3.4 and ISO 19107:2003, 6.4.36).

A gml:PolygomPdtch is a surface patch that is defined by a set of boundary curves and an undeflying

surface to wlrich these curves adhere. The curves shall be coplanar and the polygon uses planar interpojation
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>
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<attribute name="interpolation" type="gml:SurfacelnterpolationType" fixed="planar" />
</extension>
</complexContent>
/complexType>

<element name="Triangle" type="gml: TriangleType" substitutionGroup="gml:AbstractSurfacePatch" />

36:2007(E)

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 positionmshattbe comcident.

intsg
of thq

10.5.12.6 RectangleType, Rectangle

4

4

gml:
Note
five.

NOTH
restrig
has th

The fing (element gml:exterior) shall be a gml:LinearRing and shall form a rectangle; theg

last p

intsg
of thq

10.5.12.7 RointGrid

rpolation is fixed to "planar”, i.e. an interpolation shall return points on a single plane. T
patch shall be contained within that plane.

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
Rectangle represents a rectangle as a.surface patch with an outer boundary consisting off

that this is a polygon (subtype) with no.inner boundaries. The number of points in the linear

While conceptually a rectangle-is a subtype of a polygon, defining gml:RectangleType as a ty

us been avoided in this case-

osition shall be coincident.

rpolationfg-fixed to "planar”, i.e. an interpolation shall return points on a single plane. T
patch shall\be contained within that plane.

he boundary

/>
a linear ring.
ring shall be

pe derived by

tion from gml:PolygonType is, problematic due to the way the restriction construct is defined in XMl Schema and

first and the

he boundary

<group marme="PoimGrid"“>

<sequence>
<element name="rows">
<complexType>
<sequence>
<element name="Row" maxOccurs="unbounded">
<complexType>
<group ref="gml:geometricPositionListGroup"/>
</complexType>
</element>
</sequence>
</complexType>
</element>
</sequence>

</group>

©I1SO
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gml:PointGrid implements ISO 19107 GM_PointGrid (see D.2.3.4 and ISO 19107:2003, 6.4.6).

A gml:PointGrid group contains or references points or positions which are organized into sequences or

grids. All gm1

: rows shall have the same number of positions (columns).

10.5.12.8 AbstractParametricCurveSurfaceType, AbstractParametricCurveSurface

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

<extension base="gml:AbstractSurfacePatchType">
<attributeGroup ref="gml:AggregationAttributeGroup"/>

</cgmplexContent>
</complexType>

<element

substitutibnGroup="gml:AbstractSurfacePatch"/>

gml :Abstrd

D.2.3.4 and ISO 19107:2003, 6.4.40).

The element

properties af
specified in IBO 19107:2003, 6.4.40.

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

10.5.12.9 AbstractGriddedSurfaceType, AbstractGriddedSuirface

<comple

<cofnplexContent>

</co
</comple]

<element
substitut

gml:Abstrd
ISO 19107:2
in the param

mplexContent>
XType>

L orask. H
TCALTTISIUTT

name="AbstractParametricCurveSurface" type="gml:AbstractParametricCurveSurfaceType -abstractd

ctParametricCurveSurface implements ISO 19107 GM_ParametricCurveSurface

"true"

(see

provides a substitution group head for the surface patches based on parametric curves. All
e specified in the derived subtypes. All derived subtypes shall conform to the constfaints

Type name="AbstractGriddedSurfaceType" abstract="true">

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

name="AbstractGriddedSurface" type="gml:AbstractGriddedSurfaceType" abstract="true"
onGroup="gml:AbstractParametricCurveSurface"/>

ctGriddedSurface implements [1SO 19107 GM_GriddedSurface (see D.2.34
D03, 6.4:41). If provided, rows gives the number of rows, columns gives the number of col
bter(grid. The parameter grid is represented by an instance of the gm1: PointGrid group.

and
Limns

The element

provides a substitution group head for the surface patches based on a grid. All derived sub

shall conform to the constraints specified in ISO 19107:2003, 6.4.41.

10.5.12.10 ConeType, Cone

<complexType name="ConeType">
<complexContent>

80

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

</extension>

ypes
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</complexContent>
</complexType>

<element name="Cone" type="gml:ConeType" substitutionGroup="gml:AbstractGriddedSurface"/>

gml : Cone implements ISO 19107 GM_Cone (see D.2.3.4 and 1ISO 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>

\4

felement 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

fcomplexType name="SphereType">
<complexContent>
<extension base="gml:AbstractGriddedSurfacelype">
<attribute name="horizontalCurveType" type="gml:CurvelnterpolationType"

fixed="circularArc3Points"/>
<attribe name="verticalCurveType"™type="gml:CurvelnterpolationType"
fixed="circularArc3Points"/>
</extension>
</complexContent>
¥/complexType>

felement name="Sphere" type="gmkSphereType" 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

fcomplexType 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.

The gml:AbstractSolid element is the abstract head of the substitution group for all (continuous) solid
elements.
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10.6.2 Solid

PropertyType, solidProperty

<complexType name="SolidPropertyType">
<sequence minOccurs="0">

</se

<element ref="gml:AbstractSolid"/>
quence>

<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 ele
shall be give

<element

This propert
gml:solid}
a GML featu

10.6.3 Solid

<comple
<se

</s&
<att
</comple]

gml:Solid]
the array pro

<element
This propert

may be use
substitutable

10.6.4 Solid

<comple

<cofnplexContent>

mentsfocatedefsewheremthesame document)—Either the Teference or thecontaimedefe
N, but neither both nor none.

name="solidProperty" type="gml:SolidPropertyType"/>

y element either references a solid via the XLink-attributes or contains the~solid ele
roperty is the predefined property which may be used by GML application, schemas whe
e has a property with a value that is substitutable for gml : AbstractSolid.

ArrayPropertyType, solidArrayProperty

Type name="SolidArrayPropertyType">

juence minOccurs="0" maxOccurs="unbounded">
<element ref="gml:AbstractSolid" />

quence>

ibuteGroup ref="gml:OwnershipAttributeGroup"/>
XType>

\rrayPropertyType is a container for an array of solids. The elements are always contair
perty, referencing geometry elements or arrays of geometry elements is not supported.

name="solidArrayProperty" type="gml:SolidArrayProperty Type"/>
element contains a list of solid elements. solidArrayProperty is the predefined property

for alist of gm1:AbstractSplid.

Type, Solid
Type name="SolidType">

<extension base="gml:AbstractSolidType">
<seguence>
<element name="exterior" type="gml:ShellPropertyType" minOccurs="0"/>
<element name="interior" type="gml:ShellPropertyType" minOccurs="0"

ment

ment.
hever

ed in

vhich

] by GML application schemas. whenever a GML feature has a property with a value that is

maxOccurs="unbounded"/>
/

cacHan
7oCquthcC

</extension>

</complexContent>

</comple

xType>

<element name="Solid" type="gml:SolidType" substitutionGroup="gml:AbstractSolid" />

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.

82
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10.6.5 ShellType, Shell

<complexType name="ShellType">

<sequence>
<element ref="gml:surfaceMember" maxOccurs="unbounded"/>

</sequence>

<attributeGroup ref="gml:AggregationAttributeGroup"/>

</complexType>

<element name="Shell" type="gml:ShellType" substitutionGroup="gml:AbstractObject"/>

<element name="surfaceMember" type="gml:SurfacePropertyType"/>

36:2007(E)

gml:

A sh
ISO 1

Every
gml

If proj

NOTE
which

10.6.

4

4

A pr
com

11 ¢
agg

11.1
This

NOTE

:]abstractSurface. In the context of a shell, the surfaces describe the boundary of the soli

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

ell is used to represent a single connected component of a solid boundary as
9107:2003, 6.3.8.

gml:surfaceMember references or contains one surface, i.e. any element’which is sul

vided, the aggregationType attribute shall have the value “set”.

This definition allows for a nested structure, i.e. a gml : surfaéeMémber may be a gml : Compo
in turn may be constructed from other gm1 : CompositeSurfaces$\as a surface members.

b ShellPropertyType

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

bperty with the content model of gml:ShellPropertyType encapsulates a shell to
onent of a solid boundary.

5ML schema — Geometric complex, geometric composites and geomet
regates

Overview
Clause deseribes the geometry schema components for geometric complexes and aggregate

The geometry schema documents, geometryAggregates.xsd and geometryComplexes.xsd (see

specified in

stitutable for
d.

EiteSurface

represent a

ric

2

Annex C), are

identi

ied.by the following location-independent name (using URN syntax):

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.

©I1SO
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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 ISO 19107:2003, 6.1 and 6.6.3 for more details on the nature
of composite geometries.

Geometric complexes and composites are intended to be used in application schemas where the sharing of
geometry is ipmportant:

11.2 Geonletric complex and geometric composites
11.2.1 Geometric complex

11.2.1.1 GeometricComplexType, GeometricComplex

<complexType name="GeometricComplexType">
<cofnplexContent>
<extension base="gml:AbstractGeometryType">
<sequence>
<element name="element" type="gml:GeometricPrimitivePropertyType"
maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup!'/>
</extension>
</cgmplexContent>
</complexType>

<elemen{ name="GeometricComplex" type="gml:GeometricComplexType"
substitutibnGroup="gml:AbstractGeometry" />

gml:GeomefricComplex implements ISO 19107 GM_Complex (see I1ISO 19107:2003, 6.6.2 and 6.6.[1) as
specified in [).2.3.6.

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

11.2.1.2 Ge¢ometricComplexPropertyType

<complexType name="GeometricComplexPropertyType">
<sequence minQccurs="0">
<choice>
<element ref="gml:GeometricComplex"/>
<element ref="gml:CompositeCurve"/>
<element ref="gml:CompositeSurface"/>
<elementTef="gmi-CompositeSotia“/=
</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.
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NOTE The allowed geometry elements contained in such a property (or referenced by it) are modell
Schema choice element since the composites (conceptually) inherit both from geometric complex and geometric primitive

and a

re already part of the gm1 : AbstractGeometricPrimitive substitution group.

11.2.2 Composite geometries

11.2.2.1 General representation of composites in GML

ed by an XML

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

"menpber’ properties in gml:CompositeCurve, gml:CompositeSurface and gml:Comp

repre

As X
the d
the

<chg
in an

11.2.

4

4

4

sent a subset of the gml :element property of gml : GeometricComplex.

ML Schema does not support the concept of “multiple inheritance” which is used indSO 191
uality of the geometric composites (as an open primitive and as a closed complex) in the G
composites derive from gml:AbstractGeometricPrimitiveType only) However,
ice> element in the property type gml : GeometricComplexPropertyfype, a composite
y property which expects a gm1 : GeometricComplex as its value.

.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" types"gml:CompositeCurveType" substitutionGroup="gml:Abstract

siteSolid

7 to express
ML schema,
by using a
can be used

Curve" />

B, 6.6.5) as

curve in the

ationType

gml :|CompositeCurve implements ISO 19107 GM_CompositeCurve (see SO 19107:200
specified in D.2.3.6.
A gnll : CompositeCurve is'represented by a sequence of (orientable) curves such that each
sequence terminates at-the’start point of the subsequent curve in the list.
gml :lcurveMembér-réferences or contains inline one curve in the composite curve.
The gurves arecontiguous, the collection of curves is ordered. Therefore, if provided, the aggre
attriblute shati’have the value “sequence”.
NOTE This—definition—alows—for-a—nestedstructure,-o—a—gmlCompositeCurveMaYH66,for-exa
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>

©I1SO

<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
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</co

mplexContent>

</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:surfa

The surfaces

NOTE TH

gml:Compos]

11.2.2.4 CompositeSolidType, CompositeSolid

<comple

<cofnplexContent>

</co
</comple]

<element

gml:Compo{
specified in [

A gml : Comg
geometric pr
pairs on com|

gml:solid)

NOTE TH
gml:Compos]

11.3 Geoni

eMember references or contains inline one surface in the composite surface.

are contiguous.

teSurface as a surface member.

Type name="CompositeSolidType">

<extension base="gml:AbstractSolidType">
<sequence>
<element ref="gml:solidMember" maxOccurs="unbounded" />
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup!'/>
</extension>
mplexContent>
XType>

name="CompositeSolid" type="gml:CompositeSolidType" substitutionGroup="gml:AbstractSolid" />
ISO 19407* GM_CompositeSolid (see

iteSolid implements ISO 19107:2003, 6.6.7

.2.3.6.
ositeSolid is represepted by a set of orientable surfaces. It is a geometry type with g
pperties of a (primitive)_selid. Essentially, a composite solid is a collection of solids that j
mon boundary surfaces.and which, when considered as a whole, form a single solid.

lembe r references-or contains one solid in the composite solid. The solids are contiguous.

teSolid.as a member.

etric aggregates

is definition allows for a nested structure, i.e. a gml:CompositeSurface may use, for example, apother

) as

Il the
Din in

is definition allows for a nested structure, i.e. a gml:CompositeSolid may use, for example, apother

11.3.1 Aggregates of unspecified dimensionality

11.3.1.1

AbstractGeometricAggregateType, AbstractGeometricAggregate

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

<extension base="gml:AbstractGeometryType">
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>

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

gml :AbstractGeometricAggregate implements ISO 19107 GM_Aggregate (see ISO 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>

felement name="MultiGeometry" type="gml:MultiGeometryType"
qubstitutionGroup="gml:AbstractGeometricAggregate" />

gml :MultiGeometry is a collection of one or more GML geometry objects of arbitrary type (seg D.3.8).

The [members of the geometric aggregate may be specified./ either using the "standdrd" property
(gmlfgeometryMember) or the array property (gml:geometxyMembers). 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.
felement name="geometryMember" type="gml:GeometryPropertyType" />

This property element either references a geometry element via the XLink-attributes or contains the geometry
element.

felement name="geometryMembers", type="gml:GeometryArrayProperty Type" />

This property element contains alist of geometry elements. The order of the elements is significant and shall
be preserved when processing the array.

11.3.1.3 MultiGeometryPropertyType, multiGeometryProperty

fcomplexType mame="MultiGeometryPropertyType">
<sequence'minOccurs="0">

<element ref="gml:AbstractGeometricAggregate"/>
</seguénce>
<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:MultiGeometryPropertyType" />

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.
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11.3.2 0-Dimensional aggregates

11.3.2.1

MultiPointType, MultiPoint, pointMember, pointMembers

<complexType name="MultiPointType">
<complexContent>

<extension base="gml:AbstractGeometricAggregate Type">
<sequence>
<element ref="gml:pointMember" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:pointMembers" minOccurs="0" />
</sequence>
</extension>

</co
</comple]

<element

gml:Multil
Agml:Mult

The membg
(gml:point
and the array

NOTE A

<element
This property
<element

This property
when proces|

11.3.22 M

<comple
<se

</s&
<att
<attl
</comple]

A property th
encapsulateq
includes geg

mplexContent>
XType>

name="MultiPoint" type="gml:MultiPointType" substitutionGroup="gml:AbstractGeometricAggregate"

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

rs of the geometric aggregate may be specified either using“the "standard" prg
Member) or the array property (gml :pointMembers). It is also valid to use both the "stan
properties in the same collection.

ray properties cannot reference remote geometry elements via XLinKs.

name="pointMember" type="gml:PointPropertyType" />

element either references a Point via the XLink-attributes or contains the Point element.
name="pointMembers" type="gml:PointArrayProperty Type" />

element contains a list of points. The order of the elements is significant and shall be pres
5ing the array.

LitiPointPropertyType, multiRointProperty

Type name="MultiPointPropertyType">

juence minOccurs="0">

<element ref="gml:MultiPoint"/>

quence>

ibuteGroup ref="gml:AssociationAttributeGroup"/>
ibuteGroup ref={gml:OwnershipAttributeGroup"/>
XType>

at has-a-collection of points as its value domain may either be an appropriate geometry elg
in an’element of this type or an XLink reference to a remote geometry element (where re
metry elements located elsewhere in the same document). Either the reference or the cont

2.3.5.

perty
dard"

brved

ment
mote
hined

element shal

ha ansan bt ot oy nAr-Baen
O YIVeTTL  oUT TeTrtimCT OOt T O TTOTTCS

<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">
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gml:MulticCurve implements 1SO 19107 GM MultiCurve (see ISO 19107:2003, 6.5.5) as
D.2.3.5. Agml:MultiCurve is defined by one or more gml : AbstractCurves.

The
(gml

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

This

when processing the array.

NOTH 2 gml:curveMember is declared in 10.5.11.1.

11.3.

encapsulated in an element-of-this type or an XLink reference to a remote geometry element (

inclu

element shall be givengbut neither both nor none.

This

curvg" eletment. gml:multiCurveProperty is the predefined property, which may be us
application schemas whenever a GML feature has a property with a value that is sub

gml

1.3

1.3

ISO 191

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

36:2007(E)

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

members of the geometric aggregate may be specified either using the "standa

felement name="curveMembers" type="gml:CurveArrayPropertyType" />

property element contains a list of curves. The order of the elements is significant and shall

3.2 MultiCurvePropertyType, multiCurveProperty

fcomplexType name="MultiCurvePropertyType">
<sequence minOccurs="0">

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

specified in

rd" property

t curveMember) or the array property (gml: curveMembers). It is also valid to-use ‘both the "standard"
and the array properties in the same collection.

be preserved

des geometry elements-located elsewhere in the same document). Either the reference or

felement namé="multiCurveProperty" type="gml:MultiCurvePropertyType" />

propertyselement either references a curve aggregate via the XLink-attributes or contai

here remote
e contained

A prgperty that has a collection of‘curves as its value domain may either be an appropriate geor;letry element

hs the "multi
ed by GML
Stitutable  for

AMuT £ 5 Curve

.4 2-Dimensional aggregates

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>

© 1SO 2007 — All rights reserved
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</complexContent>
</complexType>

<element name="MultiSurface" type="gml:MultiSurfaceType"

substituti

onGroup="gml:AbstractGeometricAggregate" />

gml:MultiSurface implements ISO 19107 GM_MultiSurface (see 1SO 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

<elemen{ name="surfaceMember" type="gml:SurfacePropertyType" />

Array properties cannot reference remote geometry elements via XLinks.

This property element either references a surface via the XLink-attributes or contains the surface elemgnt. A

surface ele

<elemen{ name="surfaceMembers" type="gml:SurfaceArrayPropertyType" />

nt is any element, which is substitutable for gm1 : AbstractSurface.

This property element contains a list of surfaces. The order of the eleménts is significant and shall be

preserved w

11342 M

<comple
<se

</s¢
<att
<att
</comple]

A property t

element encapsulated in an element of this\type or an XLink reference to a remote geometry element (V

remote inclu
contained elg

<element

This propert

surface" element. gml :multiSurfaceProperty is the predefined property, which may be used by

application s
gml:Multi

en processing the array.

hitiSurfacePropertyType, multiSurfaceProperty

Type name="MultiSurfacePropertyType">

luence minOccurs="0">

<element ref="gml:MultiSurface"/>

quence>

ibuteGroup ref="gml:AssociationAttributeGroup"/>
ibuteGroup ref="gml:OwnershipAttributeGroup"/>
XType>

hat has a collection of surfaces as its value domain may either be an appropriate geo

Hes geometry elements lo¢ated elsewhere in the same document). Either the reference ¢
ment shall be given, but neither both nor none.

name="multiSurfaceRroperty" type="gml:MultiSurfacePropertyType" />

element either references a surface aggregate via the XLink-attributes or contains the

chemasfwhenever a GML feature has a property with a value that is substitutabl
urface.

11.3.5 3-Dimensional aggregates

11.3.5.1

metry
Vhere
r the

'multi
GML
e for

MultiSolidType, MultiSolid, solidMember, solidMembers

<complexType name="MultiSolidType">
<complexContent>

</co
</comple

90

<extension base="gml:AbstractGeometricAggregate Type">
<sequence>
<element ref="gml:solidMember" minOccurs="0" maxOccurs="unbounded" />
<element ref="gml:solidMembers" minOccurs="0" />
</sequence>
</extension>
mplexContent>
xType>
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<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.

felement 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 gm1 : AbstractSolid.

felement name="solidMembers" type="gml:SolidArrayPropertyType" />

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

11.3.5.2 MultiSolidPropertyType, multiSolidProperty

fcomplexType name="MultiSolidPropertyType">
<sequence minOccurs="0">

<element ref="gml:MultiSolid"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup'"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
¥/complexType>

A prgperty that has a collection of solids as its\value domain may either be an appropriate geometry element
encapsulated in an element of this type orcan XLink reference to a remote geometry element (where remote
inclugles geometry elements located elgsewhere in the same document). Either the reference or the contained
element shall be given, but neither both nor none.

felement name="multiSolidProperty" type="gml:MultiSolidPropertyType" />

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

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.
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The ISO 19111 types implemented in GML are specified in ISO 19111; some additional constraints are
specified in 1ISO 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 Qperations—{including-ecoordinate—transformations—and-Conversions)—This-definition—data—ine
identification
schema com

The specifie
needed. (That is, there is not a single top-level element that may be the basis for all XML documents.) M
these top-le
referenced. 1

All conc
These €
type. Th
— Con
— Gegd
—  Prof
— Eng

— Ima

— Verf

and specification data, both included as needed. See ISO 19111 for the semantics\g
ponents.

] XML encoding includes multiple alternative top-level XML elements that cambe used V

el XML elements are GML objects that include identification information,”allowing it
[he alternative top-level XML elements include:

rete XML elements in the substitution group headed by the abstract SingleCRS XML ele
ements may each be used to transfer the definition of one coordinate reference system o
bse eight concrete XML elements are named:

hpoundCRS

deticCRS

ectedCRS

ineeringCRS

geCRS

icalCRS

— TemporalCRS

— Der

All conc
namely:

— Con

vedCRS

rete XML eléments that are substitutable for the abstract CoordinateOperation XML ele

catenatedOperation

— PassFhroughOpsration

udes
f the

vhere
Dst of
o be

ment.
f that

nent,

— 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:

92

GeodeticDatum

VerticalDatum
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— TemporalDatum

— EngineeringDatum

mageDatum

These lower-level XML elements also include all ten concrete elements that are substitutable for the abstract
CoordinateSystem XML element, named:

— EllipsoidalCS

— A

— |

T

— y

—

—

The
level

— K

— K

12.2

erticalCS

CartesianCS

\ffineCS

linearCS

PolarCS

$phericalCS

CylindricalCS

TimeCS

serDefinedCS

concrete XML elements that are substitutable for the CoordinateOperation element use m
elements containing data structures,.including the elements named:

DperationMethod
DperationParameter
DperationParameterGroup
ParameterValue

ParametervValueGroup

Reference systems

ultiple lower-

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:

— Identified Object, inherited by the ten types of GML object used for coordinate reference systems and
coordinate operations

— High-level part of the definitions of coordinate reference systems

This schema encodes the Identified Object and Reference System packages of the UML Model for ISO 19111.

©I1SO
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NOTE

The referenceSystems schema includes the dictionary.xsd GML schema document, and imports the

metadataEntitySet.xsd schema document from 1SO 19139. This schema document is identified by the following location-

independent n

ame (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>

</comple]

gml:Ident]
gml:Defin]
identified, en

Zero or mor:
attribute in tH
information g

Zero or morg¢ other gml :name elements can be an unordered set of "alias®alternative names by whic
g y

CRS related
aliases, typig
codeSpace

Any needed
gml :name §

comments o or information about this object, including data source information.

12.2.3 Abst

12.2.3.1

<element

<comple

<cofnplexContent>

</co
</comple]

AbstractCRS

coding the "name" attribute in the UML model.

b of the gm1 :name elements can be an unordered set of "identifiers", encoding the "iden
e UML model. Each of these gm1 : name elements can reference elsewhere the object's de
r be an identifier by which this object can be referenced.

object is identified, encoding the "alias" attributes in the UMLK)model. An object may have se
ally used in different contexts. The context for an alias islindicated by the value of its (opt
pttribute.

version information shall be included in the codéSpace attribute of a gml:identifiej
lements. In this use, the gml:remarks element in the gml:DefinitionType shall cq

ract coordinate reference system

name="AbstractCRS" type="dml:AbstractCRSType" abstract="true" substitutionGroup="gml:Definition
Type name="AbstractCRSType" abstract="true">

<extension base="igmi:IdentifiedObjectType">
<sequence>
<element ref="gml:domainOfValidity" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:scope" maxOccurs="unbounded"/>
</seguence>
</extensjon>
mplexContent>
X Type>

XType>
| fiedObjectType provides identification properties of a CRS-related ~oebject.
| tionType, the gml:identifier element shall be the primary name by which-this obj

In
bet is

tifier"
fining

h this
veral
onal)

and
ntain

~

>

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>

94

<sequence minOccurs="0">
<element ref="gmd:EX_Extent"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
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</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-

“not known"

relatqd-objectis-validlfunknownenter

12.2.3.4 CRSPropertyType

fcomplexType 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 gpatial-temporal coordinate reference systems schema components are divided into two |ogical parts.
One part defines elements and types for XML.éncoding of abstract coordinate reference systents definitions.
The lprger part defines specialized constructs-for XML encoding of definitions of the multiple congrete types of
spatial-temporal coordinate reference system.

Thesp schema components encoede' 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_ICRS" class.

NOTH The coordinatéReferenceSystems schema document includes the coordinateSystems.xsd, datums.xsd, and
coordjnateOperations.xsd_GML schema documents. This schema document is identified by the following location-
independent name (using URN syntax):

urnix-0gc:specification:gml:schema-xsd:coordinateReferenceSystems:3.2.1

12.3.R 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"/>
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</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"/>

<complexType name="AbstractGeneralDerivedCRSType" abstract="true">
<cofnplexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<element ref="gml:conversion"/>
</sequence>
</extension>
</cgmplexContent>
</complexType>

gml:AbstractGeneralDerivedCRS is a coordinate reference system that"is defined by its coordinate
conversion flom another coordinate reference system. This abstract complexitype shall not be used, extgnded,
or restricted| in a GML application schema, to define a concrete subtype/with a meaning equivalenf to a
concrete subtype specified in this document.

12.3.2.4 Conversion
<elemen{ name="conversion" type="gml:GeneralConversionPrepertyType"/>

gml:conversion is an association role to the coordinate conversion used to define the derived CRS.
12.3.3 Condrete coordinate reference systems

12.3.3.1 CompoundCRS
<elemen{ name="CompoundCRS" types"gml:CompoundCRSType" substitutionGroup="gml:AbstractCRS"/>

<complexType name="CompoundCRSType">
<cofnplexContent>
<extension base="gml:AbstractCRSType">
<sequence=>
<element ref="gml:componentReferenceSystem" minOccurs="2" maxOccurs="unbounded"
</s€quence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</cdmplexContent>
</complekxFype

\Y

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
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gml :AggregationAttributeGroup should be used to specify
gml:componentReferenceSystem properties are ordered.

12.3.3.3 CompoundCRSPropertyType

gml

refergnce system, either referencing or containing the definition of that reference system.

12.3.

gml

12.3.

gml

12.3.

gml

<complexType name="CompoundCRSPropertyType">

<sequence minOccurs="0">

<element ref="gml:CompoundCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

36:2007(E)

that the

4

4

4

4

:lGeodeticCRS is a coordinate reference system based on a geodetic datum.

:lellipsoidalcCs is-ah association role to the ellipsoidal coordinate system used by this CR

:lcattesiancCs is an association role to the Cartesian coordinate system used by this CRS.

CompoundCRSPropertyType is a property type for association roles to a compodn

B.4 GeodeticCRS
element name="GeodeticCRS" type="gml:GeodeticCRSType" substitutionGroup="gml:AbstractSingle

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>

B.5 EllipsoidalCS

element name="ellipsoidalCS? type="gml:Ellipsoidal CSProperty Type"/>

B.6 cartesianCS

element'name="cartesianCS" type="gml:CartesianCSPropertyType"/>

H coordinate

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.
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12.3.3.9 GeodeticCRSPropertyType

<complexType name="GeodeticCRSPropertyType">
<sequence minOccurs="0">

<element ref="gml:GeodeticCRS"/>

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

</comple

xType>

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 VérticalCRS

<element

<comple

name="Vertical CRS" type="gml:Vertical CRSType" substitutionGroup="gml:AbstractSingleCRS!'/>

Type name="Vertical CRSType">

<cofnplexContent>

</co
</comple]

gml:Verti
make use of]
may not be 3
reference sy
coordinate tU

<extension base="gml:AbstractCRSType">
<sequence>
<element ref="gml:verticalCS"/>
<element ref="gml:verticalDatum"/>
</sequence>
</extension>
mplexContent>
XType>

alCRs is a 1D coordinate reference system used for recording heights or depths. Vertical
the direction of gravity to define the concept of height or depth, but the relationship with g

stem. Ellipsoidal heights cannot exist independently, but only as an inseparable part of
ple defined in a geographic 3D coordinate reference system.

12.3.3.11 vdrticalCS

<element

gml:verti

12.3.3.12 ve
<element

gml:verti

name="verticalCS" type="gml:VerticalCSPropertyType"/>

alcCs is an association rolg to‘the vertical coordinate system used by this CRS.

rticalDatum
name="verticalDatum" type="gml:VerticalDatumPropertyType"/>

alDatum iS:an association role to the vertical datum used by this CRS.

12.3.3.13 VerticalCRSPropertyType

<comple

Type name="Vertical CRSPropertyType">

traightforward. By implication, ellipsoidal heights\(h) cannot be captured in a vertical coorg

CRSs
ravity
inate
a 3D

<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"/>

98
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<complexType name="ProjectedCRSType">

4/complexType>

<complexContent>
<extension base="gml:AbstractGeneralDerivedCRSType">
<sequence>
<choice>
<element ref="gml:baseGeodeticCRS"/>
<element ref="gml:base GeographicCRS"/>
</choice>
<element ref="gml:cartesianCS"/>
</sequence>
</extension>
</complexContent>

36:2007(E)

gml:)ProjectedCRS is a 2D coordinate reference system used to approximate the shape.of the Earth on a

plangr surface, but in such a way that the distortion that is inherent to the approximation-is‘carefu

lly controlled

and Known. Distortion correction is commonly applied to calculated bearings and distances to prpduce values

that gre a close match to actual field values.

12.3.

gml:
projected CRS.

12.3.

gml

refergnce system, either refereneing or containing the definition of that reference system.

12.3.

B.15 baseGeodeticCRS
felement name="baseGeodeticCRS" type="gml:GeodeticCRSProperty Typ&"/>

baseGeodeticCRS is an association role to the geodetic~coordinate reference system

B.16 ProjectedCRSPropertyType

fcomplexType name="ProjectedCRSPropertyType">
<sequence minOccurs="0">

<element ref="gml:ProjectedCRS"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
¥/complexType>

:[ProjectedCRSPropertyType is a property type for association roles to a projecte

B.17 DerivedCRS
felement name="DerivedCRS" type="gml:DerivedCRSType" substitutionGroup="gml:AbstractGenerall

fcomplexType.name="DerivedCRSType">
<complexContent>
zextension base="gml:AbstractGeneralDerivedCRSType">
<sequence>
<element ref="gml:baseCRS"/>

used by this

d coordinate

erivedCRS"/>

<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

1 dlcilo . L laall £ £ oL F'H H A 4lo ] <} H
requwed codeSpaceattrtotute  snan rererence—a - source  orfrormation—speciymgtne-vartes—anameantngs of

all the allowgd string values for this property.

12.3.3.20 cqordinateSystem

<elemen{ name="coordinateSystem" type="gml:CoordinateSystemProperty Type"/>

gml :usesC$ is an association role to the coordinate system used by this CRS.

12.3.3.21 De¢rivedCRSPropertyType

<complexType name="DerivedCRSPropertyType">
<sequence minOccurs="0">
<element ref="gml:DerivedCRS"/>
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:DerivedCRSPropertyType is a property type for’ association roles to a non-projected derived

coordinate rgference system, either referencing or containing the definition of that reference system.

12.3.3.22 EngineeringCRS

<elemen{ name="EngineeringCRS" type="gml:EngineeringCRSType" substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="EngineeringCRSType">
<cofnplexContent>
<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:

— Earth-fixed systems applied to engineering activities on or near the surface of the Earth;

100
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— 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

felement name="linearCS" type="gml:LinearCSPropertyType"/>

gml:|linearCs is an association role to the linear coordinate system used by this CRS.

12.3.8.25 polarCS
¥element name="polarCS" type="gml:PolarCSPropertyType"/>

gml :jpolarCs is an association role to the polar coordinate system used by.this CRS.

12.3.B.26 userDefinedCS
felement name="userDefinedCS" type="gml:UserDefinedCSPropertyType"/>

gml :luserDefinedCs is an association role to the user defined coordinate system used by this CRS.

12.3.B.27 engineeringDatum
felement name="engineeringDatum" type="gml;EngineeringDatumPropertyType"/>

gml :lengineeringDatum is an associationrole to the engineering datum used by this CRS.

12.3.8.28 EngineeringCRSPropertyType

fcomplexType name="EngineeringCRSPropertyType">
<sequence minOccurs="0">

<element ref="gml:EngineeringCRS"/>
</sequence>
<attributeGroup-ref="gml:AssociationAttributeGroup"/>
¥/complexType>

gml :|EngineéringCRSPropertyType is a property type for association roles to an engineerirjg coordinate
refergnce system, either referencing or containing the definition of that reference system.

12.3.8.29 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"/>
<element ref="gml:usesObliqueCartesianCS"/>
</choice>
<element ref="gml:imageDatum"/>
</sequence>
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</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:affingCs is an association role to the affine coordinate system used by this CRS.

12.3.3.31 imageDatum
<elemen{ name="imageDatum" type="gml:ImageDatumPropertyType"/>

gml : imagelatum 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"/>
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:Image¢RSPropertyType is a property type for as§ociation roles to an image coordinate refefence
system, eithgr referencing or containing the definition of that reference system.

12.3.3.33 TemporalCRS
<elemen{ name="TemporalCRS" type="gml; TemporalCRSType" substitutionGroup="gml:AbstractSingleCRS"/>

<complexType name="TemporalCRSType">
<cofnplexContent>
<extension base="gml:AbstractCRSType">
<sequence>
<choice*
<element ref="gml:timeCS"/>
<element ref="gml:usesTemporalCS"/>
</choice>
<element ref="gml:temporalDatum"/>
</sequence>
</extension>
</cgmpflexContent>
</complexType>

gml: TemporalCRS is a 1D coordinate reference system used for the recording of time.

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"/>
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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 temparal coordinate

referJance system, either referencing or containing the definition of that reference system.

12.4

12.4.1 Overview

The
and t

— abstract coordinate system;

— 1nultiple concrete types of spatial-temporal coordinate, system.

Thes
Claus

NOTE
schern

12.4.

12.4.

4

q

J

4

Coordinate systems

ypes for XML encoding of the definitions of:

oordinate system axes;

e schema components encode the Coordinate System packages of the UML Models of ISO
e 9, and D.3.9 of this International Standard.

The coordinateSystems schema doetment includes the referenceSystems.xsd GML schema d
na is identified by the following location-indépendent name (using URN syntax):

urn:x-ogc:specification:gml:Schéma-xsd:coordinateSystems:3.2.1
P Coordinate system axes

.1 CoordinateSystemAxis

element name="CoordinateSystemAxis" type="gml:CoordinateSystemAxisType"
ubstitutionGroup="gml:Definition"/>

complexType name="CoordinateSystemAxisType">
<complexContent>
<extension base="gml:IdentifiedObjectType">

coordinate systems schema components can be divided into three logical parts, which defijne elements

19111:2007,

locument. This

StuceTICE

<element ref="gml:axisAbbrev"/>
<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:

©I1SO

CoordinateSystemAxis is a definition of a coordinate system axis.
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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

gml:axisD]
coordinates,

EXAMPLE

Within any s
this direction
geodetic dat
direction.

NOTE A
The codesp
allowed strin

12424 m

<element
<element

The gml:mi
maximum v3g
axis such as
be used for
gml:minim
are omitted,

<element

gml:
gml:
gml:

rangel
maxim
maxim

name="axisDirection" type="gml:CodeWithAuthorityType”/>

[ rection is the direction of this coordinate system axis (or in the case of Cartesian proj
the direction of this coordinate system axis at the origin).

Typical directions may be "north" or "south", "east" or "west", "up" or "down".
bt of coordinate system axes, only one of each pair of terms may be used. For Earth-fixed

is often approximate and intended to provide a human interpretable‘meaning to the axis. W
Um is used, the precise directions of the axes may therefore vary ‘slightly from this approx

bml : EngineeringCRS often requires specific descriptions of the directions of its coordinate system g

b ce attribute shall reference a source of information specifying the values and meanings of &
j values for this property.

nimumValue, maximumValue, rangeMeaning

name="minimumValue" type="double"/>
name="maximumValue" type="double"/>

nimumValue and gml:maximumValue properties allow the specification of minimum
lue normally allowed for this\axis, in the unit of measure for the axis. For a continuous ar
longitude, the values wrap-around at this value. Also, values beyond this minimum/maximur

mValue element, alvalie of plus infinity for the gml :maximumvalue element. If these elern
he value is unspecified.

name="rangeMeaning" type="gml:CodeWithAuthorityType"/>

leaninghdescribes the meaning of axis value range specified by gml:minimumvalue
mvalge. This element shall be omitted when both gml:minimumvalue
mValue are omitted. This element should be included when gml:minimumValue 3

bcted

RSs,
nen a
mate

Xes.

Il the

and
gular
N can

bpecified purposes, such as in a bounding box. A value of minus infinity shall be allowed for the

nents

and
and
nd/or

gml
gml:

rmaximumvariue are illbiuu'cu'. if tilib UiUIIIUIIi ib umiﬁcu' WiIUII ﬁIU gnu.minimum dlue

nd/or

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="CoordinateSystemAxisPropertyType">
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<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

felement name="AbstractCoordinateSystem" type="gml:AbstractCoordinateSystemType" abstract="trug
gubstitutionGroup="gml:Definition"/>

fcomplexType 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-repeatingrsequence of coordinate system axes|that spans a
giver| coordinate space. A CS is derived from a set of mathematical rules for specifying how cogrdinates in a
given space are to be assigned to points. The coordinate values in a coordinate tuple shall be regorded in the
order| in which the coordinate system axes associations are recorded. This abstract complex typm 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
felement name="axis" type="gml€oordinateSystemAxisPropertyType"/>

The gml:axis property is an\association role (ordered sequence) to the coordinate system axgs included in
this goordinate 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.

12.4.3.3 CoordinateSystemPropertyType

fcomplexType 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"/>
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<complexType name="EllipsoidalCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>
</complexContent>
</complexType>

gml:EllipsoidalCs is a two- or three-dimensional coordinate system in which position is specified by
geodetic latitude, geodetic longitude, and (in the three-dimensional case) ellipsoidal height. An EllipsoidalCS
shall have two or three gm1 : 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"/>
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:EllipgsoidalCSPropertyType is a property type for association rolesto*an ellipsoidal coordinate
system, eithgr referencing or containing the definition of that coordinate system.

12.4.4.3 CartesianCS
<elemen{ name="CartesianCS" type="gml:CartesianCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="CartesianCSType">
<cofnplexContent>

<extension base="gml:AbstractCoordinateSystemype"/>
</cgmplexContent>

</complexType>

gml:CartegiancCs is a 1-, 2-, or 3-dimensional coordinate system. In the 1-dimensional case, it contgins a
single straight coordinate axis. In the 2- and “3-dimensional cases gives the position of points relative to
orthogonal sfraight axes. In the multi-dimensional case, all axes shall have the same length unit of measyre. A
CartesianCS|shall have one, two, or thrée)gm1 : axis property elements.

12.4.44 CartesianCSPropertyType

<complexType name="CartesianCSPropertyType">
<sequence minOccurs="0">
<element refs*gml:CartesianCS"/>
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

. H s 4 £ Y H 1 4 o 'y H = H F
gml : CartestamtsSPropertyTypeisaproperty-typeforassociationrotes-toa-Cartesian—coordinate-system,

either referencing or containing the definition of that coordinate system.

12.4.4.5 VerticalCS

<element name="VerticalCS" type="gml:VerticalCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="VerticalCSType">
<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>
</complexContent>
</complexType>
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gml:VerticalCS is a one-dimensional coordinate system used to record the heights or depths of points.
Such a coordinate system is usually dependent on the Earth's gravitational field, perhaps loosely as when
atmospheric pressure is the basis for the vertical coordinate system axis. A VerticalCS shall have one

gml :axis property element.

12.4.4.

6 VerticalCSPropertyType

<complexType name="Vertical CSPropertyType">

<sequence minOccurs="0">
<element ref="gml:VerticalCS"/>
</sequence>

¥/complexType>

gml:VerticalCSPropertyType iS a property type for association roles to a vertical coordi

eithe

12.44.7 TimeCS

4

4

4

gml:

12.4.4.8 TimeCSPropertyType

4

4

gml:

12.4.4.9 LinearCS

4

complexType name="TimeCSType">

/complexType>

TimeCS is a one-dimensional coordinate system containing a time axis, used to describe
position of a point in the specified time units from a specified time origin. A TimeCS shall have on

propgrty element.

<attribitaCOrann raf="~aml-Acoaniatinn Attribiita(Crann'/s
THtHHoot rouprer—gt O tHout oo

referencing or containing the definition of that coordinate system.

element name="TimeCS" type="gml:TimeCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>,

</complexContent>

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

/complexType>

complexTvpne name="LinearCSTvpa">
14 P P

<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>

</complexContent>

</complexType>

element'name="LinearCS" type="gml:LinearCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

nate system,

the temporal
e gml:axis

TimeCSPropertyType is a property type for association roles to a time coordinate system, either
refergncing or containing the definition of that coordinate system.

gml:LinearCs is a one-dimensional coordinate system that consists of the points that lie on the single axis
described. The associated coordinate is the distance — with or without offset — from the specified datum to
the point along the axis. A LinearCS shall have one gml : axis property element.

EXAMPLE Usage of the line feature representing a pipeline to describe points on or along that pipeline.

© 1SO 2007 — All rights reserved

107


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

NOTE

gml:LinearCs can only be used for simple continuous linear systems. Linear Reference Systems (LRS),

particularly as applied to the transportation industry, are specified in 1SO 19133 and are not implemented by this
International Standard.

12.4.4.10 LinearCSPropertyType

<complexType name="LinearCSPropertyType">
<sequence minOccurs="0">

</se

<element ref="gml:LinearCS"/>
quence>

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

gml:Lineaj
referencing @

12.4.4.11 UsgerDefinedCS

<element
substituti

<comple

<cofnplexContent>

</co
</comple]

gml :UserD{

coordinate a
gml:axis p

EXAMPLE

has no interse

dimensional c

12.4.4.12 UserDefinedCSPropertyType

<comple
<se

</s€

<att

</comple]

gml : UserD{
system, eithq

rCSPropertyType is a property type for association roles to a linear coordinate system,
r containing the definition of that coordinate system.

name="UserDefinedCS" type="gml:UserDefinedCSType"
bnGroup="gml:AbstractCoordinateSystem"/>

Type name="UserDefinedCSType">

<extension base="gml:AbstractCoordinateSystemType"/>
mplexContent>
XType>

e finedCs is a two- or three-dimensional coordinate §ystem that consists of any combinat
es not covered by any other coordinate system type. A UserDefinedCS shall have two or
roperty elements; the number of property elements shall equal the dimension of the CS.

A multilinear coordinate system which contains one coordinate axis that may have any 1D shape
ctions with itself. This non-straight axis is supplemented by one or two straight axes to complete a
ordinate system. The non-straight axis is typically incrementally straight or curved.

Type name="UserDefinedCSPropertyType">
luence minOccurs="0">

<element ref="gml:UserDefinedCS"/>

quence>

ibuteGroup ref="gml’AssociationAttributeGroup"/>
XType>

e finedC8PropertyType is a property type for association roles to a user-defined coorg
r refereneing or containing the definition of that coordinate system.

12.4.4.13 SphericalCS

Bither

on of
three

which
P or 3

inate

<element name="SphericalCS" type="gml:Spherical CSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="Spherical CSType">
<complexContent>

<extension base="gml:AbstractCoordinateSystemType"/>

</complexContent>
</complexType>

gml:SphericalCs is a three-dimensional coordinate system with one distance measured from the origin
and two angular coordinates.

NOTE
sphere.

108

It should not be confused with an ellipsoidal coordinate system based on an ellipsoid "degenerated” into a
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A SphericalCS shall have three gml : axis property elements.

12.4.4.14 SphericalCSPropertyType

<complexType name="Spherical CSPropertyType">
<sequence minOccurs="0">
<element ref="gml:SphericalCS"/>

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

</complexType>

gml:SphericalCSPropertyType is property type for association roles to a spherical coordinate system,
eithef referencing or containing the definition of that coordinate system.

12.4.4.15 PolarCS

felement name="PolarCS" type="gml:PolarCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

fcomplexType name="PolarCSType">

<complexContent>
<extension base="gml:AbstractCoordinateSystemType"/>

</complexContent>
¥/complexType>

gml :)PolarCs is a two-dimensional coordinate system in which position is specified by the distgnce from the
origir] and the angle between the line from the origin to a point and a reference direction. A Polar€S shall have

two dml : axis property elements.

12.4.4.16 PolarCSPropertyType

fcomplexType name="PolarCSPropertyType">
<sequence minOccurs="0">
<element ref="gml:PolarCS"/>

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

¥/complexType>

gml:|PolarCSPropertyType-is-a property type for association roles to a polar coordinate system, either
refer¢ncing or containing the.definition of that coordinate system.

12.4.4.17 CylindricalCS

felement name="CylindricalCS" type="gml:Cylindrical CSType" substitutionGroup="gml:AbstractCoordipateSystem"/>

fcomplexType name="CylindricalCSType">
<e¢omplexContent>
<extension base="gml:AbstractCoordinateSystemType"/>
</complexContent>
</complexType>

gml:CylindricalCs is a three-dimensional coordinate system consisting of a polar coordinate system
extended by a straight coordinate axis perpendicular to the plane spanned by the polar coordinate system. A
CylindricalCS shall have three gm1 : axis property elements.

12.4.4.18 CylindricalCSPropertyType

<complexType name="Cylindrical CSPropertyType">
<sequence minOccurs="0">
<element ref="gml:CylindricalCS"/>
</sequence>
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<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml:CylindricalCSPropertyType iS a property type for association roles to a cylindrical coordinate
system, either referencing or containing the definition of that coordinate system.

12.4.4.19 AffineCS

<element name="AffineCS" type="gml:AffineCSType" substitutionGroup="gml:AbstractCoordinateSystem"/>

<complexType name="AffineCSType">
<complexContent>

</c
</compl

<extension base="gml:AbstractCoordinateSystemType"/>
plexContent>
Type>

gml:AffingCs is a two- or three-dimensional coordinate system with straight axes that aré*fiot neces

orthogonal.

n AffineCS shall have two or three gml:axis property elements; the number of prg

elements shall equal the dimension of the CS.

12.4.4.20 AffineCSPropertyType

<comple
<se

</s&
<att
</comple]

gml:Affind
referencing @

12.5 Datun

12.5.1 Ove

The datums
XML encodin

abstract

geodetig

multiple

These schen

Type name="AffineCSPropertyType">

juence minOccurs="0">

<element ref="gml:AffineCS"/>

quence>

ibuteGroup ref="gml:AssociationAttributeGroup"/>
XType>

CSPropertyType is a property type for association roles to an affine coordinate system,
r containing the definition of that coordinate system.

NS
'view

5chema components can be divided into three logical parts, which define elements and typ
g of the definitions of:

datum;
datums, incldding ellipsoid and prime meridian;
other concrete types of spatial or temporal datum.

ha-components encode the Datum packages of the UML Models of ISO 19111:2007, Claus

sarily
perty

Bither

bs for

e 10,

and D.3.9 of

his’International Standard

NOTE

the following location-independent name (using URN syntax):

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

12.5.2 Abstract datum

12.5.2.1

AbstractDatum

<element name="AbstractDatum" type="gml:AbstractDatumType" abstract="true"
substitutionGroup="gml:Definition"/>

110

The datums schema document includes the referenceSystems.xsd GML schema. This schema is identified by
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<complexType name="AbstractDatumType" abstract="true">
<complexContent>
<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:domainOfValidity" minOccurs="0"/>
<element ref="gml:scope" maxOccurs="unbounded"/>
<element ref="gml:anchorDefinition" minOccurs="0"/>
<element ref="gml:realizationEpoch" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

A gnl:AbstractDatum specifies the relationship of a coordinate system to the Earth{ thy
coordinate reference system. A datum uses a parameter or set of parameters that determine th
the ofigin of the coordinate reference system. Each datum subtype may be associated with only s

36:2007(E)

s creating a
e location of
pecific types

of cqordinate system. This abstract complex type shall not be used, extended, op restricted, in a GML
appli¢ation schema, to define a concrete subtype with a meaning equivalent to a céncrete subtypg specified in

this document.

12.5.2.2 anchorDefinition
felement name="anchorDefinition" type="gml:CodeType"/>

gml:lanchorDefinition is a description, possibly including ceordinates, of the definition used
daturp to the Earth, also known as the “origin”, especially forengineering and image datums. Th
attribute may be used to reference a source of more detailed on this point or surface, or on 2
descriptions.

— fror a geodetic datum, this point is also known‘as the fundamental point, which is tradition

;Fay consist of a number of points. In those-Cases, the parameters defining the geoid/ellipsoi
ave been averaged for these points; and the averages adopted as the datum definition.

— [for an engineering datum, the anchor definition may be a physical point, or it may be a poin
g¢oordinates in another CRS,

— [or an image datum, the ‘anchor definition is usually either the centre of the image or the
image.

o anchor the
e codeSpace
set of such

blly the point

where the relationship between geoid and-ellipsoid is defined. In some cases, the "fundamental point"

| relationship

with defined

corner of the

— [or a temporal<datam, this attribute is not defined. Instead of the anchor definition, a temporal datum

¢arries a separate time origin of type DateTime.

12.5.2.3 realizationEpoch

felement name="realizationEpoch" type="date"/>

gml:realizationEpoch is the time after which this datum definition is valid. See ISO
Table 33, for details.

12.5.2.4 DatumPropertyType

<complexType name="DatumPropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractDatum"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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gml:DatumPropertyType is a property type for association roles to a datum, either referencing or
containing the definition of that datum.

12.5.3 Geodetic datum

12.5.3.1 GeodeticDatum

<element name="GeodeticDatum" type="gml:GeodeticDatumType" substitutionGroup="gml:AbstractDatum"/>

<complexType name="GeodeticDatumType">
<complexContent>

<extension base="gmtAbstractDatumType">
<sequence>

<element ref="gml:ellipsoid"/>
</sequence>
</extension>

</cgmplexContent>
</complexType>

gml : Geodef

sphere).

12.5.3.2 pnimeMeridian

<element
gml :prime)
12.5.3.3 el

<element

gml:ellip

ipsoid

12.5.3.4 GeodeticDatumPropertyType

<comple
<se

</s&
<att
</comple]

gml : Geodef
referencing @

Type name="GeodeticDatumPropertyType">
luence minOccurs="0">

<element ref="gml:GeodeticDatum"/>
quence>

XType>

ricontaining the definition of that datum.

<element ref="gml:primeMeridian"/>

name="primeMeridian" type="gml:PrimeMeridianProperty Type"/>

name="ellipsoid" type="gml:EllipsoidProperty Type"/>

oid is an association role to the-ellipsoid used by this geodetic datum.

ibuteGroup ref="gml:AssociationAttributeGroup"/>

ichatumPropertyType is a property type for association roles to

ficDatum is a geodetic datum defines the precise location and orientation in 3-dimen;s
space of a glefined ellipsoid (or sphere), or of a Cartesian coordinate system-centred in this ellipso

leridian is an association role to the prime meridian used by this geodetic datum.

a geodetic datum,

sional
d (or

bither

12.5.3.5 Ellipsoid, semiMajorAxis, secondDefiningParameter

<element name="Ellipsoid" type="gml:EllipsoidType" substitutionGroup="gml:Definition"/>

<complexType name="EllipsoidType">
<complexContent>

112

<extension base="gml:ldentifiedObjectType">
<sequence>

<element ref="gml:semiMajorAxis"/>
<element ref="gml:secondDefiningParameter"/>

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

</complexType>

Agml:Ellipsoid is a geometric figure that may be used to describe the approximate shape of the Earth. In

math

ematical terms, it is a surface formed by the rotation of an ellipse about its minor axis.

<element name="semiMajorAxis" type="gml:MeasureType"/>

gml:semiMajorAxis specifies the length of the semi-major axis of the ellipsoid, with its units. Uses the
MeasureType with the restriction that the unit of measure referenced by uom must be suitable for a length,

such

4

gml:
defin
flatte
ellips|
majo

The
scal€

uom attribute must be suitable for.a scale factor, such as percent, permil, or parts-per-million.

The
gml:
comg

12.5.

4

felement name="secondDefiningParameter">

{/element>

felement name="SecondDefiningParameter">

as metres or feet.

<complexType>
<sequence>
<element ref="gml:SecondDefiningParameter"/>
</sequence>
</complexType>

<complexType>
<choice>
<element name="inverseFlattening" type="gml:Measure Type"/>
<element name="semiMinorAxis" type="gml:LengthType"/>
<element name="isSphere" type="boolean" default="tfue"/>
</choice>
</complexType>
/element>

secondDefiningParameter is a property containing the definition of the second pa3
bs the shape of an ellipsoid. An ellipsoid requites two defining parameters: semi-major axis

pid, only a single defining parameter is required, namely the radius of the sphere; in that ca
" axis "degenerates"” into the radius of the sphere.

ml:inverseFlattening element contains the inverse flattening value of the ellipsoid. T
factor (or ratio). It uses gml&hengthType with the restriction that the unit of measure refer

hml : semiMinorAxd.s-€lement contains the length of the semi-minor axis of the ellipsoi
isSphere elementis included, the ellipsoid is degenerate and is actually a sphere. T
letely defined by the semi-major axis, which is the radius of the sphere.

3.6 EllipsoidPropertyType

complexType name="EllipsoidPropertyType">
<sequence minOccurs="0">

rameter that
and inverse

hing or semi-major axis and semi-minor ;axis. When the reference body is a sphere rather than an

e, the semi-

nis value is a
enced by the

d. When the
ne sphere is

C:UI 1l It 1 UI‘—“UI 1 |=.E"ipauid"/
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:EllipsoidPropertyType is a property type for association roles to an ellipsoid, either referencing or
containing the definition of that ellipsoid.

12.5.3.7 PrimeMeridian, greenwichLongitude

<element name="PrimeMeridian" type="gml:PrimeMeridianType" substitutionGroup="gml:Definition"/>

<complexType name="PrimeMeridianType">

©I1SO

<complexContent>
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<extension base="gml:IdentifiedObjectType">
<sequence>
<element ref="gml:greenwichLongitude"/>
</sequence>
</extension>
</complexContent>
</complexType>

A gml:PrimeMeridian defines the origin from which longitude values are determined. The default value for
the prime meridian gm1:identifier value is "Greenwich".

<element name="greenwichLongitude" type="gml:AngleType"/>

gml:greenyichLongitude is the longitude of the prime meridian measured from the Greenwich mendian,
positive eadtward. If the value of the prime meridian “name” is "Greenwich" then the ‘Wwalde of
greenwichLopgitude shall be 0 degrees. The property uses gml : AngleType.

12.5.3.8 PiimeMeridianPropertyType

<complexType name="PrimeMeridianPropertyType">
<sequence minOccurs="0">

<element ref="gml:PrimeMeridian"/>
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:PrimelNeridianPropertyType is a property type for association roles to a prime meridian, gither
referencing gr containing the definition of that meridian.

12.5.4 Othel concrete datums

12.5.4.1 EngineeringDatum

<elemen{ name="EngineeringDatum" type="gmlk:EngineeringDatumType" substitutionGroup="gml:AbstractDatum"/>

<complexType name="EngineeringDatumType">
<cofnplexContent>
<extension base="gml:AbstractDatumType"/>
</cgmplexContent>
</complexType>

gml : EngingeringDatum defines the origin of an engineering coordinate reference system, and is useg in a
region around that origin<This origin may be fixed with respect to the Earth (such as a defined poin{ at a
construction kite), or be adefined point on a moving vehicle (such as on a ship or satellite).

12.5.4.2 EngineeringDatumPropertyType

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

gml :EngineeringDatumPropertyType is a property type for association roles to an engineering datum,
either referencing or containing the definition of that datum.

12.5.4.3 ImageDatum

<element name="ImageDatum" type="gml:ImageDatumType" substitutionGroup="gml:AbstractDatum"/>

114 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

<complexType name="ImageDatumType">
<complexContent>
<extension base="gml:AbstractDatumType">
<sequence>
<element ref="gml:pixellnCell"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml : ImageDatum defines the origin of an image coordinate reference system, and is used in a local context
only. For an image datum, the anchor definition is usually either the centre of the image or the corner of the

i A Eoromara infarmaatinn o~n~ 1CM 101114-2007 DR 2 B
imag . re-information—see+SO049444-2007B-3-5-

T O 1110

12.5.4.4 pixelinCell
felement name="pixelInCell" type="gml:CodeWithAuthority Type"/>

gml:pixelInCell is a specification of the way an image grid is associated with-the image d3ta attributes.
The fequired codeSpace attribute shall reference a source of information specifying the values ahd meanings
of all[the allowed string values for this property.

12.5.4.5 ImageDatumPropertyType

fcomplexType name="ImageDatumPropertyType">
<sequence minOccurs="0">

<element ref="gml:ImageDatum"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
¥/complexType>

gml :]ImageDatumPropertyType iS a property type for association roles to an image datum, either
refergncing or containing the definition of that datum.

12.5.4.6 VerticalDatum

felement name="VerticalDatum™type="gml:VerticalDatumType" substitutionGroup="gml:AbstractDatum"/>

fcomplexType name="VerticalDatumType">

<complexContent>
<extension.base="gml:AbstractDatumType"/>

</complexConient>

¥/complexType>

gml:VerticdlDatum is a textual description and/or a set of parameters identifying a particular reference
level surfacétused as a zero-height surface, including its position with respect to the Earth for any|of the height
typeq recoghized by this International Standard.

12.5.4.7 VerticalDatumPropertyType

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

gml:VerticalDatumPropertyType is property type for association roles to a vertical datum, either
referencing or containing the definition of that datum.
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12.5.4.8 TemporalDatum, origin

<element name="TemporalDatum" type="gml:TemporalDatumType" substitutionGroup="gml:AbstractDatum"/>

<complexType name="TemporalDatumType">
<complexContent>

<extension base="gml:TemporalDatumBaseType">
<sequence>
<element ref="gml:origin"/>
</sequence>
</extension>

</complexContent>

</compl

<comple
<co

</co
</comple]

A gml:Tem
"anchorDefin

The Tempor
type restricts

<element
gml:origif

The metaDa3|

deprecated.

12.5.4.9 TgmporalDatumPropertyType

<comple
<se

xTvne>
PAid

Type name="TemporalDatumBaseType" abstract="true">
mplexContent>
<restriction base="gml:AbstractDatumType">
<sequence>
<element ref="gml:metaDataProperty" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:description" minOccurs="0"/>
<element ref="gml:descriptionReference" minOccurs="0"/>
<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:remarks" minOccurs="0"/>
<element ref="gml:domainOfValidity" minOccurs="0"/>
<element ref="gml:scope" maxOccurs="unbounded"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
mplexContent>
XType>

boralDatum defines the origin of a Temporal Reference System. This type omits
ition" and "realizationEpoch" elements and-adds the "origin" element with the dateTime type

bIDatumBaseType partially defines.the origin of a temporal coordinate reference system
the AbstractDatumType to remové the "anchorDefinition" and "realizationEpoch" elements.

name="origin" type="dateTime"/>
. is the date and time origin/of this temporal datum.

faProperty element\has been deprecated, and the gml:description element has been pa

Type name="TemporalDatumPropertyType">
luence minOccurs="0">

5 the

This

rtially

<element ref="gml: TemporalDatum"/>

</sequence>

<att

ributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:TemporalDatumPropertyType is a property type for association roles to a temporal datum, either
referencing or containing the definition of that datum.
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12.6 Coordinate operations

12.6.1 Overview

The spatial or temporal coordinate operations schema components can be divided into five logical parts,
which define elements and types for XML encoding of the definitions of:

— Multiple abstract coordinate operations

— Multiple concrete types of coordinate operation, including Transformations and Conversions

— Abstract and concrete parameter values and groups
— Operation methods
— Abstract and concrete operation parameters and groups

Thesge schema components encode the Coordinate Operation package of the ML Model for ISQ 19111:2007,
Clauge 11.

NOTH The coordinateOperations schema includes the coordinateOperations.xsd GML schema d¢cument. This
schema document is identified by the following location-independent name (using URN syntax):

urn:x-ogc:specification:gml:schema-xsd:coordinateOperations:3.2.1
12.6.2 Abstract coordinate operations

12.6.2.1 AbstractCoordinateOperation

felement name="AbstractCoordinateOperation’(type="gml:AbstractCoordinateOperationType" abstract="true"
qubstitutionGroup="gml:Definition"/>

fcomplexType name="AbstractCoordinateOperationType" abstract="true">
<complexContent>
<extension base="gml:dentifiedObjectType">
<sequence>
<element ref="gml:domainOfValidity" minOccurs="0"/>
<element ref="gml:scope" maxOccurs="unbounded" />
<element ref="gml:operationVersion" minOccurs="0"/>
<element ref="gml:coordinateOperationAccuracy" minOccurs="0"
maxOccurs="unbounded"/>
<element ref="gml:sourceCRS" minOccurs="0"/>
<element ref="gml:targetCRS" minOccurs="0"/>
</sequence>
</extension>
</GomplexContent>
¥/€emplexType>

gml:AbstractCoordinateOperation is a mathematical operation on coordinates that transforms or
converts coordinates to another coordinate reference system. Many but not all coordinate operations (from
CRS A to CRS B) also uniquely define the inverse operation (from CRS B to CRS A). In some cases, the
operation method algorithm for the inverse operation is the same as for the forward algorithm, but the signs of
some operation parameter values shall be reversed. In other cases, different algorithms are required for the
forward and inverse operations, but the same operation parameter values are used. If (some) entirely different
parameter values are needed, a different coordinate operation shall be defined.

The optional gml: coordinateOperationAccuracy property elements provide estimates of the impact of
this coordinate operation on point position accuracy.
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12.6.2.2 operationVersion
<element name="operationVersion" type="string"/>

gml:operationVersion is the version of the coordinate transformation (i.e., instantiation due to the
stochastic nature of the parameters). Mandatory when describing a transformation, and should not be
supplied for a conversion.

12.6.2.3 coordinateOperationAccuracy

<element name="coordinateOperationAccuracy">
<comptextype
<sequence minOccurs="0">
<element ref="gmd:AbstractDQ_PositionalAccuracy"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
</element>

gml:coord]lnateOperationAccuracy is an association role to a DQ_PosjtionalAccuracy objeft as
encoded in [SO/TS 19139, either referencing or containing the definition of that positional accuracy.| That
object contaihs an estimate of the impact of this coordinate operation on point positional accuracy. That is, it
gives positioh error estimates for the target coordinates of this coordinate op€ration, assuming no errors |n the
source coordinates.

12.6.2.4 squrceCRS
<elemen{ name="sourceCRS" type="gml:CRSProperty Type"/>

gml:sourcqCRS is an association role to the source CRS/(coordinate reference system) of this coordinate
operation.

12.6.2.5 tafgetCRS
<elemen{ name="targetCRS" type="gml:CRSPropertyType"/>

gml:targefCRS is an association rolé to the target CRS (coordinate reference system) of this coordinate
operation.

12.6.2.6 CoordinateOperationPropertyType

<complexType name="CoordinateOperationPropertyType">
<sequence minQecurs="0">

<element ref="gml:AbstractCoordinateOperation"/>
</se€lquence>
<attfibuteGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:CoordinateOperationPropertyType is a property type for association roles to a coordinate
operation, either referencing or containing the definition of that coordinate operation.

12.6.2.7 AbstractSingleOperation

<element name="AbstractSingleOperation" type="gml:AbstractCoordinateOperationType" abstract="true"
substitutionGroup="gml:AbstractCoordinateOperation"/>

gml:AbstractSingleOperation is a single (not concatenated) coordinate operation.
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12.6.2.8 SingleOperationPropertyType

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

gml:SingleOperationPropertyType is a property type for association roles to a single operation, either
referencing or containing the definition of that single operation.

12.6.

2.9 AbstractGeneralConversion

felement name="AbstractGeneralConversion" type="gml:AbstractGeneralConversionType" abstract="t
substitutionGroup="gml:AbstractOperation"/>

fcomplexType name="AbstractGeneralConversionType" abstract="true">
<complexContent>
<restriction base="gml:AbstractCoordinateOperationType">
<sequence>
<element ref="gml:metaDataProperty"” minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:description" minOccurs="0"/>
<element ref="gml:descriptionReference" minOccurs="0"/>
<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:remarks" minOccurs="Q"/>
<element ref="gml:domainOfValidity" minOccurs="0"/>
<element ref="gml:scope" maxOccursz"Unbounded"/>
<element ref="gml:coordinateOperationAccuracy" minOccurs="0"
maxOccurs="unbounded"/>
</sequence>
<attribute ref="gml:id" use="requijred"/>
</restriction>
</complexContent>
¥/complexType>

gm:MbstractGeneralConversién is an abstract operation on coordinates that does not

chan

describing coordinate conversions are defined rather than empirically derived. Note that some
have[no parameters. The gl <:operationVersion, gml:sourceCRS, and gml:targetCRS
omitted in a coordinate conyersion.

This

abstract complex type is expected to be extended for well-known operation method

Conversion instances, in GML application schemas that define operation-method-specialized ele
and gontents. This conversion uses an operation method, usually with associated parameter valu
operation methods and parameter values are directly associated with concrete subtypes, not with

type.
refer

All,concrete types derived from this type shall extend this type to include a "usesMethod"

ue

include any

je of datum. The best-known‘eéxample of a coordinate conversion is a map projection. Th¢ parameters

conversions
Blements are

5 with many
ment names
Bs. However,
this abstract
element that
shall extend

this t i

subs

tnces the "OperationMethod" element. Similarly, all concrete types derived from this type

titutable for the "AbstractGeneralParameterValue" element.

f an element

The metaDataProperty element has been deprecated, and the gml:description element has been partially
deprecated.

12.6.2.10 GeneralConversionPropertyType

<complexType name="GeneralConversionPropertyType">

<sequence minOccurs="0">

<element ref="gml:AbstractGeneralConversion"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>
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gml:GeneralConversionPropertyType is a property type for association roles to a general conversion,

either referencing or containing the definition of that conversion.

12.6.2.11 AbstractGeneralTransformation

<element name="AbstractGeneralTransformation" type="gml:AbstractGeneralTransformationType" abstract="true"

substitutionGroup="gml:AbstractOperation"/>

<complexType name="AbstractGeneralTransformationType" abstract="true">
<complexContent>
<restriction base="gml:AbstractCoordinateOperationType">

<sequence>
<element ref="gml:metaDataProperty" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:description" minOccurs="0"/>
<element ref="gml:descriptionReference" minOccurs="0"/>
<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:remarks" minOccurs="0"/>
<element ref="gml:domainOfValidity" minOccurs="0"/>
<element ref="gml:scope" maxOccurs="unbounded"/>
<element ref="gml:operationVersion"/>
<element ref="gml:coordinateOperationAccuracy" minOccurs="0Q"
maxOccurs="unbounded"/>
<element ref="gml:sourceCRS"/>
<element ref="gml:targetCRS"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
</cgmplexContent>
</complexType>

gml :AbstractGeneralTransformation is an abstract operation on coordinates that usually incluges a

change of Datum. The parameters of a coordinate transformation are empirically derived from data conts
the coordinates of a series of points in both coordinate reference systems. This computational procq
usually "overrdetermined”, allowing derivation of error (or accuracy) estimates for the transformation. Als
stochastic nature of the parameters may resdlt in multiple (different) versions of the same coorg
transformatign. The gml:operationVersion, gml:sourceCRS, and gml:targetCRS property elen
are mandatofy in a coordinate transformation.

This abstragt complex type is ekxpected to be extended for well-known operation methods with
Transformatipn instances, in Application Schemas that define operation-method-specialized value elg
names and [contents. This Ardansformation uses an operation method with associated parameter va
However, operation metheds-and parameter values are directly associated with concrete subtypes, no
this abstract|type. All conerete types derived from this type shall extend this type to include a "usesMe
element that|references)one "OperationMethod" element. Similarly, all concrete types derived from this
shall extend [this type to include one or more elements each named "uses...Value" that each use the ty
an element dubstitutable for the "AbstractGeneralParameterValue" element.

ining
SS is
D, the
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nents

many
ment
lues.

with
thod"
type
pe of

The metaDataProperty element has been deprecated, and the gml:description element has been pa
deprecated.

12.6.2.12 GeneralTransformationPropertyType

<complexType name="GeneralTransformationPropertyType">
<sequence minOccurs="0">
<element ref="gml:AbstractGeneralTransformation"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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gml:GeneralTransformationPropertyType is a property type for association roles to a general
transformation, either referencing or containing the definition of that transformation.

12.6.3 Concrete coordinate operations

12.6.3.1 ConcatenatedOperation

<element name="ConcatenatedOperation" type="gml:ConcatenatedOperationType"
substitutionGroup="gml:AbstractCoordinateOperation"/>

<complexType name="ConcatenatedOperationType">

4

gml:
sequ
(n+1

<compliexvontent=
<extension base="gml:AbstractCoordinateOperationType">
<sequence>
<element ref="gml:coordOperation" minOccurs="2" maxOccurs="unbounded’/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
/complexType>

ConcatenatedOperation is an ordered sequence of two orimore coordinate ope
bnce of operations is constrained by the requirement that the sodrce coordinate reference s
must be the same as the target coordinate reference system of step (n). The sourc

refe rI

inver:

The

operations used by this concatenated operation. The gml : AggregationAttributeGroup sh

tosp

12.6.

gml

12.6

4

4

:lcoordOperation is an'association role to a coordinate operation.

.B.3 ConcatenatedOperationPropertyType

e operation is uniquely defined by the forward operation.
ml:coordOperation property elements arezan ordered sequence of associations to the

pCify that the gm1 : coordOperation associations are ordered.

B.2 CoordOperation

element name="coordOperation®.type="gml:CoordinateOperationProperty Type"/>

complexTypeqanie="ConcatenatedOperationProperty Type">
<sequence-minOccurs="0">
<element ref="gml:ConcatenatedOperation"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
/ComplexType>

rations. This
stem of step
e coordinate

nce system of the first step and the target coordinate refereénce system of the last step ane the source
and farget coordinate reference system associated with the ‘concatenated operation. Instead
opergtion, an inverse operation may be used for one or more of the operation steps mentioned

of a forward
above, if the

two or more
puld be used

gml:ConcatenatedOperationPropertyType is a property type for association roles to a concatenated
operation, either referencing or containing the definition of that concatenated operation.

12.6.3.4 PassThroughOperation

<element name="PassThroughOperation" type="gml:PassThroughOperationType"
substitutionGroup="gml:AbstractSingleOperation"/>

<complexType name="PassThroughOperationType">

©I1SO

<complexContent>
<extension base="gml:AbstractCoordinateOperationType">
<sequence>
<element ref="gml:modifiedCoordinate" maxOccurs="unbounded"/>
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<element ref="gml:coordOperation"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

gml:PassThroughOperation specifies that a subset of a coordinate tuple is subject to a specific
coordinate operation.

The gml:modifiedCoordinate property elements are an ordered sequence of positive integers defining
the positions in a coordinate tuple of the coordinates affected by this pass-through operation. The
gml :AggregationAttributeGroup should be used to specify that the gml:modifiedCoordiphate
elements arg ordered.

12.6.3.5 mpdifiedCoordinate
<elemen{ name="modifiedCoordinate" type="positivelnteger"/>

gml:modifjledCoordinate is a positive integer defining a position in a coordinate-tuple.

12.6.3.6 PassThroughOperationPropertyType

<complexType name="PassThroughOperationPropertyType">
<sequence minOccurs="0">

<element ref="gml:PassThroughOperation"/>
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:PassThroughOperationPropertyType is a property type for association roles to a pass thfough
operation, eifher referencing or containing the definition‘of that pass through operation.

12.6.3.7 Conversion
<elemen{ name="Conversion" type="gml:ConversionType" substitutionGroup="gml:AbstractGeneralConversion}/>

<complexType name="ConversionType|>
<cofnplexContent>
<extension base="gmi:AbstractGeneralConversionType">
<sequence>
<elementref="gml:method"/>
<element ref="gml:parameterValue" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
</extension>
</cgmplexContent>
</complexType

gml:ConversTorn is—a—concrete UpUldtiUll on—coordinates—that-doesnot-include arty bhallyc of Batum. The
best-known example of a coordinate conversion is a map projection. The parameters describing coordinate
conversions are defined rather than empirically derived. Note that some conversions have no parameters.

This concrete complex type can be used without using a GML application schema that defines operation-
method-specialized element names and contents, especially for methods with only one Conversion instance.

12.6.3.8 method
<element name="method" type="gml:OperationMethodPropertyType"/>

gml :method is an association role to the operation method used by a coordinate operation.
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12.6.3.9 parameterValue

<element name="parameterValue" type="gml:AbstractGeneralParameterVValueProperty Type"/>

36:2007(E)

gml :parameterValue is a composition association to a parameter value or group of parameter values used
by a coordinate operation.

12.6.3.10 ConversionPropertyType

<complexType name="ConversionPropertyType">

<sequence minOccurs="0">

<oslement rnf—"gml-f‘nn\lnrcinn"’/>

4

gml

12.6.8.11 Transformation

4

9

J

4

4

gml
gml

This
defin
Trans

The
parar

12.6.

:[ConversionPropertyType is a property type for association roles to a concrete ger
conversion, either referencing or containing the definition of that conversion.

:ITransformation is a concrete object element derive
:]lAbstractGeneralTransformation (12.6.2.11).

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

element name="Transformation" type="gml:TransformationType"
ubstitutionGroup="gml:AbstractGeneralTransformation"/>

complexType name="TransformationType">
<complexContent>
<extension base="gml:AbstractGeneralTransformationType">
<sequence>
<element ref="gml:method"/>
<element ref="gml:parameterValug® minOccurs="0" maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
/complexType>

concrete object can be Used for all operation methods, without using a GML application
bs operation-method-$pecialized element names and contents, especially for methods W
formation instance.

gml :parameterValue elements are an unordered list of composition associations t
heter values:used by this conversion operation.

B.12, TransformationPropertyType

eral-purpose

d from

schema that
ith only one

D the set of

4

complexType name="TransformationPropertyType">

<sequence minOccurs="0">

<element ref="gml:Transformation"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:TransformationPropertyType is a property type for association roles to a transformation, either
referencing or containing the definition of that transformation.
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12.6.4 Parameter values and groups

12.6.4.1 AbstractGeneralParameterValue

<element name="AbstractGeneralParameterValue" type="gml:AbstractGeneralParameterValueType" abstract="true"

substitutionGroup="gml:AbstractObject"/>

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

gml:Abstr

This abstrac{ complexType is expected to be extended and restricted for well-known operation methodd
many instances, in Application Schemas that define operation-method-specialized element(hames
contents. Spgcific parameter value elements are directly contained in concrete subtypes, not(in, this ab
type. All congrete types derived from this type shall extend this type to include one "...Value! element wi
appropriate fiype, which should be one of the element types allowed in the ParameterValueType. In adq
all derived doncrete types shall extend this type to include a "operationParameter™ property elemen
references ope element substitutable for the "OperationParameter” object element.

12.6.4.2 AbstractGeneralParameterValuePropertyType

<complexType name="AbstractGeneralParameterValuePropertyType">
<sequence>

<element ref="gml:AbstractGeneralParameterValue" />
</se€lquence>

</complexType>

gml:AbstractGeneralParameterValuePropertyTypeis a property type for inline association role
parameter value or group of parameter values, always containing the values.

12.6.4.3 ParameterValue

<elemen{ name="ParameterValue" type="gml:RarameterValueType"
substitutipnGroup="gml:AbstractGeneralParameterValue"/>

<complexType name="ParameterValueType">
<cofnplexContent>
<extension base="gml:AbstractGeneralParameterValueType">
<sequence>
<choice>
<element ref="gml:value"/>
zelement ref="gml:dmsAngleValue"/>
<element ref="gml:stringValue"/>
<element ref="gml:integerValue"/>
<element ref="gml:booleanValue"/>
<element ref="gml:valueList"/>
<element ref="gml:integerValueList"/>

with
and
Stract
th an
ition,

that

5 to a

antraf="oral\ ol A"/

lam.
et grrvaratrnc—

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

gml:ParameterValue is a parameter value, an ordered sequence of values, or a reference to a file of
parameter values. This concrete complex type may be used for operation methods without using an

Application Schema that defines operation-method-specialized element names and contents, especial
methods with only one instance. This complex type may be used, extended, or restricted for well-k
operation methods, especially for methods with many instances.

The dmsAngleValue element is deprecated.

ly for
nown
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12.6.4.4 value

<element name="value" type="gml:MeasureType"/>

gml:

value is a numeric value of an operation parameter, with its associated unit of measure.

12.6.4.5 stringValue

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

36:2007(E)

gml:stringValue is a character string value of an operation parameter. A string value does not have an

asso

12.6.4.6 integerValue

gml:
integ

12.6.4.7 booleanValue

gml
asso

12.6.4.8 valuelList

4

gml:
wher
sepa

12.6.4.9 integerValuelList

gml:
list, U
this t

12.6.4.10 valueFile

:loooleanvalue is a boolean value of an operation parameter. A Boolean value does

P | i af
LIALCU Uttt Ur mmicaounrc.

element name="integerValue" type="positivelnteger"/>

integerValue is a positive integer value of an operation parameter, usually used for
br value does not have an associated unit of measure.

element name="booleanValue" type="boolean"/>

ciated unit of measure.

element name="valueList" type="gml:MeasureL.istType"/>

b each value has the same assgciated unit of measure. An element of this type conta
ated sequence of double values.

element name="integerValueList" type="gml:integerList"/>

sually used for.counts. These integer values do not have an associated unit of measure. A
pe contains;a'space-separated sequence of integer values.

4

element name="valueFEile" fypp:"nnyl IRI"/>

a count. An

not have an

valuelList is an ordered sequence-'of two or more numeric values of an operation pTrameter list,

ns a space-

integerValueliist is an ordered sequence of two or more integer values of an operatipn parameter

n element of

gml:valueFile is a reference to a file or a part of a file containing one or more parameter values, each
numeric value with its associated unit of measure. When referencing a part of a file, that file shall contain
multiple identified parts, such as an XML encoded document. Furthermore, the referenced file or part of a file
may reference another part of the same or different files, as allowed in XML documents.

12.6.4.11 operationParameter

<element name="operationParameter" type="gml:OperationParameterProperty Type"/>

gml:operationParameter is an association role to the operation parameter of which this is a value.

©I1SO
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12.6.4.12 ParameterValueGroup

<element name="ParameterValueGroup" type="gml:ParameterValueGroupType"
substitutionGroup="gml:AbstractGeneralParameterValue"/>

<complexType name="ParameterValueGroupType">
<complexContent>
<extension base="gml:AbstractGeneralParameterValueType">
<sequence>
<element ref="gml:parameterValue" minOccurs="2" maxOccurs="unbounded"/>
<element ref="gml:group"/>
</sequence>

<J/extension>

</cgmplexContent>
</compleixType>

gml:Param¢terValueGroup is a group of related parameter values. The same group can,be repeated
more than opce in a Conversion, Transformation, or higher-level ParameterValueGroup, jif those instances
contain diffeflent values of one or more parameterValues which suitably distinguish among-those groups| This
concrete complex type can be used for operation methods without using an Application Schema that dgfines
operation-mgthod-specialized element names and contents. This complex type may-be used, extendgd, or

restricted for|well-known operation methods, especially for methods with only one instance.

The gml:pgrameterValue elements are an unordered set of composition association roles t¢ the

parameter values and groups of values included in this group.

12.6.4.13 grnoup

<elemen{ name="group" type="gml:OperationParameterGroupPropertyType"/>

gml :group fs an association role to the operation parameter group for which this element provides parameter

values.
12.6.5 Operption method

12.6.5.1 OperationMethod

<elemen{ name="OperationMethod" type="gml:OperationMethodType" substitutionGroup="gml:Definition"/>

<complexType name="OperatioapMethodType">
<cofnplexContent>
<extension base="gml:IdentifiedObjectType">
<sequence=
<choice>
<element ref="gml:formulaCitation"/>
<element ref="gml:formula"/>
</choice>
<element ref="gml:sourceDimensions" minOccurs="0"/>

non g

U:UI LA~} It Icf—“yl 1 I:.talUUtD;l LA~} ID;UI Ib" III;I ICL;L;UI o= U7/
<element ref="gml:parameter" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml:OperationMethod is a method (algorithm or procedure) used to perform a coordinate operation.

Most

operation methods use a number of operation parameters, although some coordinate conversions use none.

Each coordinate operation using the method assigns values to these parameters.

The gml :parameter elements are an unordered list of associations to the set of operation parameters and

parameter groups used by this operation method.
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12.6.5.2 formula, formulaCitation
<element name="formula" type="gml:CodeType"/>

gml : formula Formula(s) or procedure used by an operation method.
The use of the codespace attribute has been deprecated. The property value shall be a character string.

<element name="formulaCitation">
<complexType>

<sequence minOccurs="0">

<element ref="gmd:CI_Citation"/>

</sequence>

<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
{/element>

gnl:[formulaCitation provides a reference to a publication giving the formula(s)‘or procedurg used by an
coordinate operation method.

12.6.5.3 sourceDimensions
<¢lement name="sourceDimensions" type="positivelnteger"/>

gml :lsourceDimensions is the number of dimensions in the soutce CRS of this operation method.

12.6.5.4 targetDimensions
<g¢lement name="targetDimensions" type="positivelntegér*/>

gml :ltargetDimensions is the number of dimensions in the target CRS of this operation methqd

12.6.5.5 parameter
felement name="parameter " types"gml:AbstractGeneralOperationParameterProperty Type"/>

gml :jparameter is an associatien to an operation parameter or parameter group.

12.6.5.6 OperationMethodPropertyType

fcomplexType name="OperationMethodPropertyType">
<sequence{minOccurs="0">

<element ref="gml:OperationMethod"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
¥/complexType>

gml :OperationMethodPropertyType iS a property type for association roles to a concrete general-
purpose operation method, either referencing or containing the definition of that method.

12.6.6 Operation parameters and groups

12.6.6.1 GeneralOperationParameter

<element name="AbstractGeneralOperationParameter" type="gml:AbstractGeneralOperationParameterType"
abstract="true" substitutionGroup="gml:Definition"/>

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

<complexContent>
<extension base="gml:IdentifiedObjectType">
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<sequence>
<element ref="gml:minimumOccurs" minOccurs="0"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml:GeneralOperationParameter is the abstract definition of a parameter or group of parameters used
by an operation method.

12.6.6.2 minimumOccurs

<elemen{ name="minimumOccurs" type="nonNegativelnteger"/>

gml :minimpmOccurs is the minimum number of times that values for this parameter group or parameté¢r are
required. If this attribute is omitted, the minimum number shall be one.

12.6.6.3 AbstractGeneralOperationParameterPropertyType

<complexType name="AbstractGeneralOperationParameterProperty Type">
<sequence minOccurs="0">

<element ref="gml:AbstractGeneralOperationParameter"/>
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:AbstractGeneralOperationParameterPropertyType iS\a& property type for association roles to
an operation|parameter or group, either referencing or containingtti€ definition of that parameter or group.

12.6.6.4 OperationParameter

<elemen{ name="OperationParameter" type="gml:OperationParameterType"
substitutipnGroup="gml:AbstractGeneralOperationParameter"/>

<complexType name="OperationParameterType">
<cofnplexContent>

<extension base="gml:AbstractGeneralOperationParameterType">
<sequence/>

</extension>
</cgmplexContent>

</complexType>

gml :OperationParametéc)is the definition of a parameter used by an operation method. Most parameter
values are numeric, but.other types of parameter value are possible. This complex type is expected fo be
used or extended for all*operation methods, without defining operation-method-specialized element namsds.

12.6.6.5 OperationParameterPropertyType

<complexType name="OperationParameterProperty 1ype >
<sequence minOccurs="0">
<element ref="gml:OperationParameter"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

gml :OperationParameterPropertyType is a property type for association roles to an operation
parameter, either referencing or containing the definition of that parameter.

12.6.6.6 OperationParameterGroup

<element name="OperationParameterGroup" type="gml:OperationParameterGroupType"
substitutionGroup="gml:AbstractGeneralOperationParameter"/>
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<complexType name="OperationParameterGroupType">
<complexContent>
<extension base="gml:AbstractGeneralOperationParameterType">
<sequence>
<element ref="gml:maximumOccurs" minOccurs="0"/>
<element ref="gml:parameter" minOccurs="2" maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>

gml:OperationParameterGroup is the definition of a group of parameters used by an operation method.

This

complex type is expected to be used or extended for all applicable operation methods, Ait

operation-method-specialized element names.

The

ml:parameter elements are an unordered list of associations to the set of operfation pa

are npjembers of this group.

12.6.

p.7 maximumOccurs

felement name="maximumOccurs" type="positivelnteger"/>

gml :maximumOccurs is the maximum number of times that valuesfor this parameter group ma
If thig attribute is omitted, the maximum number shall be one.

12.6.

gml:

para

13

13.1

131

.8 OperationParameterPropertyType

fcomplexType name="OperationParameterGroupPropertyType">
<sequence minOccurs="0">

<element ref="gml:OperationParameterGroup"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
¥/complexType>

meter group, either referencing.or containing the definition of that parameter group.

GML schema —Topology
General concepts
. Overview

Topologynis the branch of mathematics describing the properties of objects which are iny

conti

hout defining

ameters that

be included.

OperationParameterPropertyType is a property type for association roles to @n operation

ariant under
one can be

huous deformation. For example, a circle is topologically equivalent to an ellipse becausd

transformed into the other by stretching. In geographic modelling, the foremost use of topology is in
accelerating computational geometry. The constructs of topology allow characterization of the spatial
relationships between objects using simple combinatorial or algebraic algorithms. Topology, realized by the
appropriate geometry, also allows a compact and unambiguous mechanism for expressing shared geometry
among geographic features.

NOTE 1

the GML topology model are discussed in this document in more detail.

This

clause describes the topology schema components as specified by GML.

© 1SO 2007 — All rights reserved
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location-independent name (using URN syntax):

ur

n:x-ogc:specification:gml:schema-xsd:topology:3.2.1

The corresponding topology schema document, topology.xsd (see Annex C), is identified by the following

There are four instantiable classes of primitive topology objects, one for each dimension up to 3D. In addition,
topology complexes are supported.

There is strong symmetry in the (topological boundary and coboundary) relationships between topology
primitives of adjacent dimensions. Topology primitives are bounded by directed primitives of one lower
dimension. The coboundary of each topology primitive is formed from directed topology primitives of one
higher dimension.

13.1.2 Relallionship with ISO 19107

The spatial t
implementati

The ISO 191
are specified
the GML sch

In addition, G
13.2 Abstr

<complexTyq
<complexC
<extensior
</complexQ
</complexTy|

<element name="AbstractTopology" type="gml:AbstractTopologyType" abstract="true"

substitutionGr

This abstrad
complexes. |

gml:Abstrd
13.3 Topol
13.3.1 Abst
13.3.1.1

<complexTyy
<complexC
<extensior

AbstractTopoPrimitive, AbstractTopoPrimtive

ppology components of the GML schema specified in this clause provide a conformant,
pn of the ISO 19107 spatial schema (topology). The relationship is discussed in detail in D.2

|07 topology types implemented in GML are specified in ISO 19107; some ‘additional const
in 1ISO 19107 for these types, which are also constraints on the spatial (topology compone
ema.

ML specifies complementary spatial topology schema components‘as described in D.3.10.

act topology

e name="AbstractTopologyType" abstract="true">
bntent>
base="gml:AbstractGMLType"/>
ontent>
be>

bup="gml:AbstractGML"/>

t type supplies the root or base_type for all topological elements including primitives
inherits AbstractGMLType and hence can be identified using the gm1 : id attribute.

ctTopology implements 1ISO 19107 TP_Object (see D.2.4.2 and ISO 19107:2003, 7.2.2).
logical primitives

ract topological primitives

e name="AbstractTopoPrimitiveType" abstract="true">
bntent>

artial
3.

raints
nts of

and

base="gml:AbstractTopologyType">

<sequence/>

</extensio

n>

</complexContent>

</complexTy

pe>

<element name="AbstractTopoPrimitive" type="gml:AbstractTopoPrimitiveType" abstract="true"
substitutionGroup="gml:AbstractTopology"/>

gml:AbstractTopoPrimitive implements ISO 19107 TP_Primitive (see D.2.4.3 and ISO 19107:2003,
7.3.10). This abstract type acts as the base type for all topological primitives. Topological primitives are the

atomic (smal

lest possible) units of a topology complex.

Each topological primitive may contain references to other topology primitives of codimension 2 or more
(gml:isolated, implemented in subtypes).

130
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EXAMPLE Faces may contain isolated nodes and solids may contain isolated nodes and edges.

Conversely, nodes may have faces as containers and nodes and edges may have solids as containers
(gml:container, implemented in subtypes).

13.3.2 Topological primitives (0-dimensional)

13.3.2.1 NodeType, Node

<complexType name="NodeType">
<complexContent>

<¢g

4

<
</c
</co|

<ele|

gml:

ISO 19107:2008, 7.3.12).

The
asso

The ¢

on th

In thg case of planaftopology, the sequence of gml : directedEdges shall be clockwise to ensy

topol

If proyvided,.the'aggregationType attribute shall have the value “sequence”.

fcomplexType name="FaceOrTopoSolidProperty Fype">

¥/complexType>

xtension base="gml:AbstractTopoPrimitive Type">

sequence>

<element name="container" type="gml:FaceOrTopoSolidPropertyType" minOccurs="0"/>
<element ref="gml:directedEdge" minOccurs="0" maxOccurs="unbounded"/>

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

/sequence>

attributeGroup ref="gml:AggregationAttributeGroup"/>

pxtension>

bmplexContent>

mplexType>

ment name="Node" type="gml:NodeType" substitutionGroup="gml:AbstractTopoPrimitive"/>

Node represents the 0-dimensional primitive and impleménts 1ISO 19107 TP_Node (see

ml:container property element implements the role of the same name of the ISO 19107
Ciation (see 1ISO 19107:2003, 7.3.10.4 and D.2.4.3).

<choice minOccurs="0">
<element ref="gml:Face"/>
<element ref="gml:TopoSolid"/>
</choice>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>

s node. Edges emahating from this node appear in the node coboundary with a negative ori

Dgy representation.

A nogle‘may optionally be realized by a 0-dimensional geometric primitive (gml :pointProperty

D.2.4.3 and

“Isolated In”

ptional coboundary of'aynode (gml:directedEdge) is a sequence of directed edges which are incident

bntation.

re a lossless

13.3.2.2 DirectedNodePropertyType, directedNode

<element name="directedNode" type="gml:DirectedNodeProperty Type"/>

<complexType name="DirectedNodePropertyType">
<sequence minOccurs="0">
<element ref="gml:Node"/>
</sequence>
<attribute name="orientation" type="gml:SignType" default="+"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>
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A gml:directedNode property element describes the boundary of topology edges and is used in the
support of topological point features via the gml : TopoPoint expression, see below. The orientation attribute
of type gml : SignType expresses the sense in which the included node is used: start (“-”) or end (“+”) node.

13.3.3 Topological primitives (1-dimensional)

13.3.3.1 EdgeType, Edge

<complexType name="EdgeType">
<complexContent>
<extension base="gml:AbstractTopoPrimitive Type">
<sequenge>
<element name="container" type="gml:TopoSolidPropertyType" minOccurs="0"/>
<element ref="gml:directedNode" minOccurs="2" maxOccurs="2"/>
<element ref="gml:directedFace" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:curveProperty" minOccurs="0"/>
</sequenice>
<attributdGroup ref="gml:AggregationAttributeGroup"/>
</extensiop>
</complexQontent>
</complexType>

<element nae="Edge" type="gml:EdgeType" substitutionGroup="gml:AbstractTopoPrimitive"/>

gml :Edge represents the 1-dimensional primitive and implements 1S©/19107 TP_Edge (see D.2.4.3 and
ISO 19107:2P03, 7.3.14).

The gml:cohtainer property element implements the role of the‘'same name of the ISO 19107 “Isolat¢d In”
association (pee 1SO 19107:2003, 7.3.10.4 and D.2.4.3).

The topologi¢al boundary of an Edge (gml : directedNode) consists of a negatively directed start Nod¢ and
a positively directed end Node.

The optionalcoboundary of an edge (gm1 : direct&dFace) is a circular sequence of directed faces whidgh are
incident on this edge in document order. In the~2D case, the orientation of the face on the left of the edge is
"+"; the orienftation of the face on the right.on.its right is "-".

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

An edge may optionally be realized’by a 1-dimensional geometric primitive (gml : curveProperty).

13.3.3.2 DirectedEdgePropertyType, directedEdge

<elemen{ name="directedEdge" type="gml:DirectedEdgePropertyType"/>

<complexType name="DirectedEdgePropertyType">
<sequence minOccurs="0">
<element ret="gml:Edge"/>
</sequence>
<attribute name="orientation" type="gml:SignType" default="+"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

A gml:directedEdge property element describes the boundary of topology faces, the coBoundary of
topology nodes and is used in the support of topological line features via the gml : TopoCurve expression,
see below. The orientation attribute of type gml1:SignType expresses the sense in which the included edge
is used, i.e. forward or reverse.
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13.3.4 Topological primitives (2-dimensional)

13.3.41 FaceType, Face
<complexType name="FaceType">
<complexContent>
<extension base="gml:AbstractTopoPrimitive Type">
<sequence>
<element name="isolated" type="gml:NodePropertyType" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:directedEdge" maxOccurs="unbounded"/>
<element ref="gml:directedTopoSolid" minOccurs="0" maxOccurs="2"/>
<element ref="gml:surfaceProperty" minOccurs="0"/>

36:2007(E)

“/ocaauiancas

fsequensce

sattributeGroup ref="gml:AggregationAttributeGroup"/>

sattribute name="universal" type="boolean" use="optional" default="false"/>

</extension>
</cpmplexContent>

</complexType>
<element name="Face" type="gml:FaceType" substitutionGroup="gml:AbstractTopoPrimitive"/>
gml :|Face represents the 2-dimensional topology primitive and implementsdSO 19107 TP_Face|(see D.2.4.3
and IBO 19107:2003, 7.3.16).
The ¢gml:isolated property element implements the role of the same name of the ISO 19107 “Isolated In”
assogiation (see ISO 19107:2003, 7.3.10.4 and D.2.4.3).
The fopological boundary of a face (gml:directedEdge)consists of a sequence of direcfed edges. If
provifled, the aggregationType attribute shall have thevalue “sequence”.
NOTH 1 All edges associated with the face, including danhgling edges, appear in the boundary. A dangling edge has the
same|face on both sides. Consequently, a dangling edge has two different nodes in its boundary. A dang]ing edge may
share| zero, one or two bounding nodes with othercedges in the boundary of a face. Two directedEdge |elements with
oppogite orientations reference each dangling edge in the boundary of a face. The non-dangling edges in the boundary of
a fac¢ comprise one or more topological rings{ Each such ring consists of directedEdges connected in a cycle, and is
oriented with the face on its left.
The pptional coboundary of a face' (gml:directedTopoSolid) is a pair of directed solids which are
bounfed by this face. A positively directed solid corresponds to a solid which lies in the dirgction of the
negatively directed normal to the face in any geometric realization.
A face may optionally be\realized by a 2-dimensional geometric primitive (gml: surfaceProperty).
If thg topological ¢epresentation exists an unbounded manifold (e.g. Euclidean plane), a gml:Face shall
indicate whether\it is a universal face or not, to ensure a lossless topology representation. [The optional

tIts interior ndary (it h would normall th

represented by the data set.

13.3.4.2 DirectedFacePropertyType, directedFace

<element name="directedFace" type="gml:DirectedFacePropertyType"/>

<complexType name="DirectedFacePropertyType">
<sequence minOccurs="0">
<element ref="gml:Face"/>
</sequence>
<attribute name="orientation" type="gml:SignType" default="+"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

© 1SO 2007 — All rights reserved
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The gml:directedFace property element describes the boundary of topology solids, in the coBoundary of
topology edges and is used in the support of surface features via the gml:TopoSurface expression, see
below. The orientation attribute of type gml:SignType expresses the sense in which the included face is
used i.e. inward or outward with respect to the surface normal in any geometric realization.

13.3.5 Topological primitives (3-dimensional)

13.3.5.1

TopoSolidType, TopoSolid

<complexType name="TopoSolidType">

<complexContent>

</seque
<attribut
<attribut
</extensio
</complex
</complexTy|

<element na

gml:TopoS
D.2.4.3 and |

The gml:is
association (

<comple
<ch

</ch
<att
<attl
</comple]

The topologi

NOTE 1 Al
same solid or
boundary of a

A solid may ¢ptianally be realized by a 3-dimensional geometric primitive (gm1:solidProperty).

base="gml:AbstractTopoPrimitiveType">
e>
t name="isolated" type="gml:NodeOrEdgePropertyType" minOccurs="0" maxOccurs="unbounded"/>
t ref="gml:directedFace" maxOccurs="unbounded"/>
t ref="gml :solidProperty" minOccurs="0"/>
e>
Group ref="gml:AggregationAttributeGroup"/>
name="universal" type="boolean" use="optional" default="false"/>
>
ontent>
e>

e="TopoSolid" type="gml:TopoSolidType" substitutionGroup="gml;AbstractTopoPrimitive"/>

1id represents the 3-dimensional topology primitive andimplements ISO 19107 TP_Solid
SO 19107:2003, 7.3.18).

see 1ISO 19107:2003, 7.3.10.4 and D.2.4.3).

Type name="NodeOrEdgePropertyType">

ice minOccurs="0">

<element ref="gml:Node"/>

<element ref="gml:Edge"/>

oice>

ibuteGroup ref="gml:AssociationAttributeGroup"/>
ibuteGroup ref="gml:OwnershipAttributeGroup"/>
XType>

cal boundary of a solid)(gml : directedFace) consists of a set of directed faces.

faces associated\with the solid, including dangling faces, appear in the boundary. A dangling face h
both sides+IWwo directedFace elements with opposite orientations reference each dangling face
topologicalsolid.

(see

blated property element implements the role of\the same name of the ISO 19107 “Isolated In”

hs the
n the

A gml:TopoSolid shall indicate whether it 1S a universal topo solld or not, 10 ensure a 10ss1ess top

logy

representation. The optional universal attribute of type boolean is used to indicate this and the default is false.

NOTE 2

The universal topo solid is normally not part of any feature, and is used to represent the unbounded portion of

the data set. Its interior boundary (it has no exterior boundary) would normally be considered the exterior boundary of the

data set.

13.3.5.2 Di

rectedTopoSolidPropertyType, directedTopoSolid

<element name="directedTopoSolid" type="gml:DirectedTopoSolidProperty Type"/>

<complexType name="DirectedTopoSolidPropertyType">
<sequence minOccurs="0">

134

<element ref="gml: TopoSolid"/>
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</sequence>

<attribute name="orientation" type="gml:SignType" default="+"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>

The gml:directedSolid property element describes the coBoundary of topology faces and is used in the
support of volume features via the gm1 : Topovolume expression, see below. The orientation attribute of type
gml:SignType expresses the sense in which the included solid appears in the face coboundary. In the
context of a gml : TopoVolume the orientation attribute has no meaning.

13.4

Topoloaicalcolleeti

13.4.1 Topological collection (0-dimensional)

13.4.1.1 TopoPointType, TopoPoint

Thei

fcomplexType name="TopoPointType">

<complexContent>
<extension base="gml:AbstractTopologyType">
<sequence>
<element ref="gml:directedNode"/>
</sequence>
</extension>
</complexContent>

¥/complexType>

felement name="TopoPoint" type="gml:TopoPointType"/>

htended use of gml : TopoPoint is to appear within a point feature to express the structural

geonjetric relationships of this feature to other features via shared node definitions.

NOTH The orientation assigned to thegml :directedNode has no meaning in this context. It is
symnetry with the corresponding elements of‘other dimensions, see below.

13.4.1.2 TopoPointPropertyType,topoPointProperty

The

fcomplexType name="TopoRointPropertyType">

<sequence>
<element ref<"gml:TopoPoint"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>

4/complexType>

felement name="topoPointProperty" type="gml:TopoPointPropertyType"/>

ml’stopoPointProperty property element may be used in features to express their relati

and possibly

preserved for

onship to the

refer¢nced topology node.

13.4.

13.4.

2 Topological collection (1-dimensional)

2.1 TopoCurveType, TopoCurve

<complexType name="TopoCurveType">

©I1SO

<complexContent>
<extension base="gml:AbstractTopologyType">
<sequence>
<element ref="gml:directedEdge" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>

2007 — All rights reserved
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</complexContent>
</complexType>

<element name="TopoCurve" type="gml:TopoCurveType"/>

gml:TopoCurve represents a homogeneous topological expression, a sequence of directed edges, which if
realized are isomorphic to a geometric curve primitive. The intended use of gml: TopoCurve is to appear

within a line feature to express the structural and geometric relationships of this feature to other features via
the shared edge definitions.

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

13.4.2.2 TopoCurvePropertyType, topoCurveProperty

<complexType name="TopoCurvePropertyType">
<sequence>

<element ref="gml:TopoCurve"/>

</se€lquence>

<attfibuteGroup ref="gml:OwnershipAttributeGroup"/>

</compleixType>

<elemen{ name="topoCurveProperty" type="gml:TopoCurvePropertyType"/>

The gml : topoCurveProperty property element may be used in featuresto express their relationship fo the
referenced tqQpology edges.

13.4.3 Topdlogical collection (2-dimensional)

13.4.3.1 TogpoSurfaceType, TopoSurface

<complexType name="TopoSurfaceType">
<complexContent>
<extension base="gml:AbstractTopologyType~>

<sequence>
<element ref="gml:directedFace".maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</gxtension>

</complexContent>
</compleixType>

<elemen{ name="TopoSurface’ type="gml:TopoSurfaceType"/>

gml:TopoShrface represents a homogeneous topological expression, a set of directed faces, whlich if
realized are isomorphicC 10 a geometric surface primitive. The intended use of gm1 : TopoSurface is to appear

within a surfgce feature to express the structural and possibly geometric relationships of this surface featlire to
other featuref via the shared face definitions.

13.4.3.2 TopoSurfacePropertyType, topoSurfaceProperty

<complexType name="TopoSurfacePropertyType">
<sequence>
<element ref="gml:TopoSurface"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

<element name="topoSurfaceProperty" type="gml:TopoSurfacePropertyType"/>

The gml:topoSurfaceProperty property element may be used in features to express their relationship to
the referenced topology faces.
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13.4.4 Topological collection (3-dimensional)

13.4.41 TopoVolumeType, TopoVolume

<complexType name="TopoVolumeType">
<complexContent>
<extension base="gml:AbstractTopologyType">
<sequence>
<element ref="gml:directedTopoSolid" maxOccurs="unbounded"/>
</sequence>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
¥/complexType>

felement name="TopoVolume" type="gml:TopoVolumeType"/>

gml :]TopoVolume represents a homogeneous topological expression, a set of directed top¢logic solids,
which if realized are isomorphic to a geometric solid primitive. The intended use of gml : Topoyolume is to
appepr within a solid feature to express the structural and geometric relationships of this solid feqture to other
featufes via the shared solid definitions.

NOTH The orientation assigned to the gml:directedSolid has*no meaning in three dinjensions. It is
presefved for symmetry with the corresponding elements of other dimensions, see above.

13.4.4.2 TopoVolumePropertyType, topoVolumeProperty

A

complexType name="TopoVolumePropertyType">

<sequence>
<element ref="gml:TopoVolume"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
¥/complexType>

felement name="topoVolumeProperty'-type="gml:TopoVolumePropertyType"/>

The gml:topoVolumeProperty ‘element may be used in features to express their relatignship to the
refer¢gnced topology volume.

13.5| Topology complex

13.5.1 TopoComplexType, TopoComplex

fcomplexType name="TopoComplexType">
<complexContent>
<extension base="gml:AbstractTopologyType">
<sequence>
<element ref="gml:maximalComplex"/>
<element ref="gml:superComplex™ minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:subComplex" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:topoPrimitiveMember" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:topoPrimitiveMembers" minOccurs="0"/>
</sequence>
<attribute name="isMaximal" type="boolean" default="false"/>
<attributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

<element name="TopoComplex" type="gml:TopoComplexType" substitutionGroup="gml:AbstractTopology"/>
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gml:TopoComplex is a collection of topological primitives and implements ISO 19107 TP_Complex (see
D.2.4.4 and ISO 19107:2003, 7.4.2).

Each complex holds a reference to its maximal complex (gml:maximalComplex) and optionally to sub- or
super-complexes (gml : subComplex, gml : superComplex).

A topology complex contains its primitive and sub-complex members.

NOTE The maximal complex is the complex which has no super-complex. There is one and only one maximal
complex per topological manifold.

13.5.2 Maximal, sub- and super-complexes

<elemen{ name="subComplex" type="gml:TopoComplexPropertyType"/>
<elemen{ name="superComplex" type="gml:TopoComplexPropertyType"/>
<elemen{ name="maximalComplex" type="gml:TopoComplexProperty Type"/>

The property elements gml:subComplex, gml:superComplex and gml:maximalGomplex provide an
encoding for [relationships between topology complexes as described for gm1 : TopoCémplex above.

13.5.3 topoPrimitiveMember
<elemen{ name="topoPrimitiveMember" type="gml: TopoPrimitiveProperty Typ&"/>

<complexType name="TopoPrimitivePropertyType">
<sequence minOccurs="0">

<element ref="gml:AbstractTopoPrimitive" />
</se€lquence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attfibuteGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>

The gml:t¢poPrimitiveMember property element encodes for the relationship between a topplogy
complex and|a single topology primitive.

13.5.4 topoPrimitiveMembers
<elemen{ name="topoPrimitiveMembers" type="gml: TopoPrimitiveArrayAssociationType"/>

<complexType name="TopoPrimitiveArrayAssociationType">
<sequence minOccurs=*0! maxOccurs="unbounded">
<element ref="gml’AbstractTopoPrimitive" />
</se€lquence>
<attfibuteGroup-ref="gml:OwnershipAttributeGroup"/>
</complexType>

The gml:topoPrimitiveMembers property element encodes the relationship between a topology complex
and an arbitrary-humber of topology primitives

NOTE Because the property value can be multiple topological primitives, the elements representing the topology
primitives are always encoded inline.

13.5.5 TopoComplexPropertyType, topoComplexProperty

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

138 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 191

<element name="topoComplexProperty" type="gml:TopoComplexPropertyType"/>

The gml:topoComplexProperty property element encodes the relationship between a GML
topology complex.

36:2007(E)

object and a

EXAMPLE This allows a feature collection to contain or reference a topology complex that contains topology objects

referenced by members of the feature collection.

14 GML schema — Temporal information and dynamic features

14.1| General concepts

14.1.1 Overview

The GML temporal schemas include components for describing temporal geometry. and topolg
refergnce systems, and the temporal characteristics of geographic data. ;The model un
representation constitutes a profile of the conceptual schema described ¢in, ISO 19108. Th
spatiptemporal model strives to accommodate both feature-level and attribUte-level time sta
support for tracking moving objects is also included.

Time|is measured on two types of scale: interval and ordinal. An intérval scale offers a basis f
duratjon, an ordinal scale provides information only about relative{position in time.

EXAMPLE A stratigraphic sequence or the geological time scale-are examples of ordinal scales.
Two pther ISO standards are relevant to describing temporal objects: ISO 8601 describes encog
instants and time periods, as text strings with particufar structure and punctuation; ISO/IEC 114(
detailed description of time intervals as part of a geheral discussion of language independent data
The femporal schemas cover two interrelated topics and provide basic schema components for
temppral instants and periods, temporal_topology, and reference systems; more speciali
components defines components used(for'dynamic features. Instances of temporal geometric ty
as vdlues for the temporal properties of geographic features.

NOTE The main temporal sechema document is identified by the following location-independent nam
syntax):

urn:x-ogc:specification:gml:schema-xsd:temporal:3.2.1
The t¢mporal topology.schema document is identified by the following location-independent name (using UR
urn:x-ogc:specification:gml:schema-xsd:temporalTopology:3.2.1

The dchema document for temporal reference systems is identified by the following location-independen
URN byntax):

gy, temporal
derlying the
e underlying
mping; basic

Dr measuring

ings for time

4 provides a
types.

representing
ved schema
bes are used

e (using URN

N syntax):

t name (using

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

The dynamic feature schema document for representing time-varying properties of geographic features is identified by the

following location-independent name (using URN syntax):
urn:x-ogc:specification:gml:schema-xsd:dynamicFeature:3.2.1

All schema documents are listed in Annex C.
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14.1.2 Relat

ionship with ISO 19108

The temporal geometry and topology components of the GML schema specified in this clause provide a
conformant, partial implementation of the ISO 19108 temporal schema. The relationship is discussed in detail

in D.2.5.

The 1SO 19108 geometry and topology types implemented in GML are specified in 1SO 19108; some
additional constraints are specified in ISO 19108 for these types, which are also constraints on the temporal
geometry and topology components of the GML schema.

In addition, GML specifies complementary temporal schema components as described in D.3.11.

14.2 Temp
14.2.1 Abst

14.2.1.1

gml:Abstrd
and acts as
follows:

<element
substitut

A gml:Abst
model is defi

<complexTyq
<complexC
<extensior
</complexQ
</complexTy|

NOTE TH
from this have
name.

Lral schema

AbstractTimeObject

ract temporal objects

ctTimeObject implements ISO 19108 TM_Object (see D.2.5.2 and)ISO 19108:2002,

name="AbstractTimeObject" type="gml:AbstractTimeObjectType" ‘abstract="true"
onGroup="gml:AbstractGML"/>

ractTimeObject may be used in any position that/a gml : AbstractGML is valid. Its cd
hed as follows:

e name="AbstractTimeObjectType" abstract="true!'>
bntent>
base="gml:AbstractGMLType"/>
ontent>
be>

e content model of gml:AbstractTimeObject is a vacuous extension of AbstractGMLType. Types d
the standard GML object propetfies available: abstractMetadataProperty, description, descriptionRefq

14.21.2 A

gml:AbstractTimePrimitive implements 1SO 19108 TM_Primitive (see D.2.5.2 and ISO 19108:
5.2.3) and afts as the head of a substitution group for geometric and topological temporal primitives

declared as

<elemen{ napies"AbstractTimePrimitive" type="gml:AbstractTimePrimitiveType" abstract="true"
substitutjonGroup="gml:AbstractTimeObject"/>

stractTimePrimitive

llows:

5.2.2)

the head of a substitution group for all temporal primitives and complexes. It is declar¢d as

ntent

brived
rence,

002,
It is

A gml:AbstractTimePrimitive may be used in any position that a gml : AbstractTimeObject is valid.

Its content m

odel is defined as follows:

<complexType name="AbstractTimePrimitiveType" abstract="true">
<complexContent>
<extension base="gml:AbstractTimeObjectType">
<sequence>
<element name="relatedTime" type="gml:RelatedTimeType" minOccurs="0" maxOccurs="unbounded"/>
</sequence>

</extensio

n>

</complexContent>

</complexTy

140
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This extends the model for generic temporal objects with properties indicating relationships between this
temporal primitive and other temporal primitives. The definition of gml:RelatedTimeType is provided in
14.2.1.4.

14.2.1.3 TimePrimitivePropertyType, validTime

gml:TimePrimitivePropertyType provides a standard content model for associations between an

arbitrary member of the substitution group whose head is gml:AbstractTimePrimitive and another
object:

<complexType name="TimePrimitivePropertyType">
<sequence minOccurs="0">

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

gml :lvalidTime is a convenience property element declared as follows:
felement name="validTime" type="gml:TimePrimitivePropertyType"/>

14.2.1.4 RelatedTimeType

gml:RelatedTimeType provides a content model for indicating the relative position of an arbifrary member
of the substitution group whose head is gml:AbstractTimePrimitive. It extends [the generic
gml:|TimePrimitivePropertyType with an XML attribute relativePosition, whose value is selected
from the set of 13 temporal relationships identified by Allen (1983):

<complexType name="RelatedTimeType">
<cgmplexContent>
<gxtension base="gml:TimePrimitivePropertyType">
sattribute name="relativePosition">
<simpleType>
<restriction base="string">
<enumeration value="Before"/>
<enumeration value="After}/>
<enumeration value="Begins"/>
<enumeration value=7Ends"/>
<enumeration value="Buring"/>
<enumeration value="Equals"/>
<enumerationvalue="Contains"/>
<enumeration_value="Overlaps"/>
<enumeration value="Meets"/>
<enumeération value="OverlappedBy"/>
<enumeration value="MetBy"/>
<enumeration value="BegunBy"/>
<enumeration value="EndedBy"/>
<Jrestriction>
</simpleType>
</attribute>
</extension>
</complexContent>
</complexType>

14.2.1.5 AbstractTimeComplex

gml:AbstractTimeComplex is a collection of temporal primitives and implements ISO 19108 TM_Complex
(see D.2.5.2 and ISO 19108:2002, 5.2.2) and acts as the head of a substitution group for temporal complexes.
It is declared as follows:
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<element name="AbstractTimeComplex" type="gml:AbstractTimeComplexType" abstract="true"
substitutionGroup="gml:AbstractTimeObject"/>

A gml:AbstractTimeComplex may be used in any position that a gml : AbstractTimeObject is valid. Its
content model is defined as follows:

<complexType name="AbstractTimeComplexType" abstract="true">
<complexContent>
<extension base="gml:AbstractTimeObjectType"/>
</complexContent>
</complexType>

NOTE1  Th
specified.
NOTE2  TH

14.2.2 Temporal geometry

14.2.21 In

Temporal ge

14.2.2.2 AbstractTimeGeometricPrimitive

gml : TimeGd
ISO 19108:2
declared as f

<elemen
substitut]
A gml:AH
gml:Abstrd

<complexTyq
<complexC
<extensior
<attributg
</extensio|
</complexQ
</complexT|

A temporal g
provides a |
Gregorian c3

+ Lot ' L Ot <l =i ] H H 4 IS ] 1 A3t ] Fact 1
rSTreTatioraotantard- oy - SpetmtS—a tCpoOTratOpOTOgy COMPIeATT TP UTrar geumetnCCOTTTPIiCA

is International Standard does not distinguish a temporal linear graph from a temporal non-linear graplp.

troduction

bmetry is described in terms of time instants, periods, positions anddengths.

tometricPrimitive implements 1SO 19108 TM ‘GeometricPrimitive (see D.2.5.2
D02, 5.2.3) and acts as the head of a substitution greup for geometric temporal primitives
ollows:

name="AbstractTimeGeometricPrimitive" type="gmliAbstractTimeGeometricPrimitive Type" abstract="
onGroup="gml:AbstractTimePrimitive"/>
that

stractTimeGeometricPrimitive-\""may be used in position

ctTimePrimitive is valid. Its content model is defined as follows:

any

e name="AbstractTimeGeometricRrimitive Type" abstract="true">
bntent>
base="gml:AbstractTimePrimitive Type">
name="frame" type="anyURI" default="#1SO-8601"/>
n>
ontent>

ype>

[rue

is not

and
It is

a

eometry shdll be associated with a temporal reference system through the frame attributg¢ that

IR| refererice that identifies a description of the reference system. Following 1ISO 19108
lendarwith UTC is the default reference system, but others may also be used.

| Wl

, the

The two geo
defined to su

1o H HH H +h $ [P~ H H +h H + 4 At iad O
Mouiv prmrmimivoo 1 uic tCrimpurdr Uitiicrioiun drc uic miotdrit daru uic Poriuu. OJ

pport these as follows.

VI

14.2.2.3 Timelnstant

CUTTTPUTITTILS are

gml:TimeInstant implements ISO 19108 TM_Instant (see D.2.5.2 and ISO 19108:2002, 5.2.3.2) and acts
as a zero-dimensional geometric primitive that represents an identifiable position in time. It is declared as

follows:

<element name="Timelnstant" type="gml:TimelnstantType" substitutionGroup="gml:AbstractTimeGeometricPrimitive"/>

A gml:TimeInstant may be used in any position that a gml:AbstractTimeGeometricPrimitive is
valid. Its content model is defined as follows:

142
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<complexType name="TimelnstantType" final="#all">
<complexContent>
<extension base="gml:AbstractTimeGeometricPrimitiveType ">

<sequence>
<element ref="gml:timePosition"/>
</sequence>

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

EXAMPLE

<gm}Timelnstant gmlid="t11">

<gthl:description>Abby's birthday</gml:description>
<gml:timePosition>2001-05-23</gml:timePosition>
</gnmpl:Timelnstant>

14.2.

gml
prov

14.2.

gml :ITimePeriod implements ISO 19108 TM Period (see D.2.5.2 and ISO 19108:2002, 5.2.3.3
a ong-dimensional geometric primitive thatfepresents an identifiable extent in time. It is declared

<element name="TimePeriod" type="gml:TimePeriodType" substitutionGroup="gml:AbstractTimeGeometri

gnl :[TimePeriod may be usédin any position that a gml:AbstractTimeGeometricPrimit
Its cgntent model is defined as follows:

<complexType name="TimePeriodType">
<cgmplexContent>
<gxtension base="gml:AbstractTimeGeometricPrimitive Type">
¥sequence>

In an instance document, a gml: TimeInstant contains a gml:timePosition as follows:

P.4 TimelnstantPropertyType

ifes for associating a gml : TimeInstant with an object:

fcomplexType name="TimelnstantPropertyType">
<sequence minOccurs="0">

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

.5 TimePeriod

<choice>
<element name="beginPosition" type="gml:TimePositionType"/>

<élement name="begin" type="gml:TimelnstantPropertyType"/>
<fchoice>

:ITimeInstantPropertyType is a specialization of gml:TimePximitivePropert

yType that

and acts as

as follows:

Primitive"/>

ive is valid.

<choice>
<element name="endPosition" type="gml:TimePositionType"/>
<element name="end" type="gml:TimelnstantProperty Type"/>
</choice>

<group ref="gml:timeLength" minOccurs="0"/>

</sequence>
</extension>

</c
</co

omplexContent>
mplexType>

The location in time of a gml: TimePeriod is described by the temporal positions of the instants at which it

begins and ends. The length of the period is equal to the temporal distance between the two bounding
temporal positions.

©180
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Both beginning and end may be described in terms of their direct position using gml:TimePositionType
(see 14.2.2.7) which is an XML Schema simple content type, or by reference to an identifiable time instant
using gml:TimeInstantPropertyType (see 14.2.2.4).

EXAMPLE 1 Within @ gml:TimePeriod, a gml:TimeInstant may appear directly as the value of the begin and
end as follows:

<gml:TimePeriod gml:id="p22">
<gml:begin>
<gml:Timelnstant gml:id="t11">
<gml:timePosition>2001-05-23</gml:timePosition>
</gml:Timelnstant>
</gml:beginp
<gml:end>
<gml:Timelnstant gml:id="t12">
<gml:timgPosition>2001-06-23</gml:timePosition>
</gml:TimgInstant>
</gml:end>
</gml:TimePgriod>

Alternatively|a limit of a gml:TimePeriod may use the conventional GML property model to make a
reference to p time instant described elsewhere, or a limit may be indicated as a direct position.

EXAMPLE 2 The following mixed example shows both of these, as well as.including the optional gml:ddration
property:

<gml:TimePgriod gml:id="p22">
<gml:begin Klink:href="#t11"/>
<gml:endPqsition>2002-05-23</gml:endPosition>
<gml:duratipn>P1Y</gml:duration>
</gml:TimePgriod>

14.2.2.6 TimePeriodPropertyType

gml:TimeP¢riodPropertyType is a specialization of gml : TimePrimitivePropertyType that provides
for associating a gml : TimePeriod with an object:

<complexType name="TimePeriodPropértyType">
<sequence minOccurs="0">
<element ref="gml: TimePeriod"/>
</se€lquence>
<attfibuteGroup ref="gmt:AssociationAttributeGroup"/>
<attributeGroup ref="gmk:OwnershipAttributeGroup"/>
</complexType>

14.2.2.7 TimePositionType, timePosition
The method or 'identifying a temporal position is specific to each temporal reference sygtem.

gml:TimePesitionType supports the description of temporal position in accordance with the subkypes
described in ISO 19108. It implements ISO 19108 TM_Position (see D.2.5.5 and ISO 19108:2002, 5.4.2).

Values based on calendars and clocks use lexical formats that are based on ISO 8601, as described in XML
Schema Part 2:2001. A decimal value may be used with coordinate systems such as GPS time or UNIX time.
A URI may be used to provide a reference to some era in an ordinal reference system3).

In common with many of the components modelled as data types in the 1ISO 19100 series of International
Standards, the corresponding GML component has simple content. However, the content model

3) e.g. ageological epoch.
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gml:TimePositionType is defined in several steps (the details of the mapping to ISO 19108 TM_Position
are described in D.2.5.5):

<complexType name="TimePositionType" final="#all">

<si

mpleContent>

<extension base="gml:TimePositionUnion">

<attribute name="frame" type="anyURI" default="#IS0O-8601"/>

<attribute name="calendarEraName" type="string" />

<attribute name="indeterminatePosition" type="gml:TimelndeterminateValueType" />
</extension>

</s
</co

Threja XML attributes appear on gml : TimePositionType:

A tim
URI

impleContent>
mplexType>

e value shall be associated with a temporal reference system through the frame attribute th

at provides a

reference that identifies a description of the reference system. Following 1ISO-19108, the Gregorian

calendar with UTC is the default reference system, but others may also be used.&omponents fpr describing

temp
desc

For t
provi

Inexdct temporal positions may be expressed using the optional{indeterminatePosition g
takeq a value from an enumeration defined as follows:

<sinmpleType name="TimelndeterminateValueType">
<rgstriction base="string">
<g¢numeration value="after"/>
<g¢numeration value="before"/>
<g¢numeration value="now"/>

<4
</r¢
</sin
Thes

bral reference systems are described in 14.4, but it is not required that the referenc
ibed in this manner, as the reference may refer to any resource that may(be identified with 4

me values using a calendar containing more than one era, the (optional) calendarEraN
Jes the name of the calendar era.

numeration value="unknown"/>
pstriction>
hpleType>

b values are interpreted as follows:
unknown” indicates that noJspecific value for temporal position is provided;

now” indicates that\the specified value shall be replaced with the current temporal position
alue is accessed,;

before” indiCates that the actual temporal position is unknown, but it is known to be before
alue;

after’ indicates that the actual temporal position is unknown, but it is known to be after
alue.

b system be
URI.

bme attribute

ttribute. This

vhenever the

the specified

the specified

A value for indeterminatePosition may

— be used either alone, or

— qualify a specific value for temporal position4).

4) e.g. before 2002-12, after 1019624400.
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The simple type gml : TimePositionUnion is a union of XML Schema simple types which instantiate the
subtypes for temporal position described in ISO 19108.

<simpleType name="TimePositionUnion">
<union memberTypes="gml:CalDate time dateTime anyURI decimal"/>
</simpleType>

An ordinal era may be referenced via URI. A decimal value may be used to indicate the distance from the
scale origin®). time is used for a position that recurs daily (see ISO 19108:2002 5.4.4.2).

Finally, calendar and clock forms that support the representation of time in systems based on years, months,
days, hours, minutes and seconds, in a notation following ISO 8601, are assembled as follows:

<simpleType|name="CalDate">
<union memberTypes="date gYearMonth gYear"/>
</simpleTypg>

NOTE1  THe XML Schema simpleType dateTime does not permit right-truncation, except forfractions of segonds,
which is why date, gYear and gYearMonth are required.
NOTE 2 Fqllowing 1SO 19108, when used with non-Gregorian calendars based on-years, months, days, the|same
lexical represgntation should still be used. Following XML Schema Part 2, leading zer6s should be added if the year|value
would otherwise have fewer than four digits.

The element|gml : timePosition is declared as follows:

<element nafne="timePosition" type="gml:TimePositionType"/>

This element is used directly as a property of gml: TimeInstant (see 14.2.2.3), and may also be uged in
application sghemas.

EXAMPLE The following examples illustrate how gnl: timePosition or other elements of this type may apgear in
a data instanc

D

<gml:timePosition>2002-11-25T13:20:20Z</gmltimePosition>

<gml:timePosifion indeterminatePosition="after!>1994</gml:timePosition>
<gml:timePosifion indeterminatePosition="how">1994-07-10</gml:timePosition>
<gml:timePosition frame="http://my-big.org/TRS/GPS”>25876321.01</gml:timePosition>
<gml:timePosition frame="http://my.big.org/TRS/archaeology"> http://my.history.org/eras/bronzeAge </gml:timePosition>

<gml:timePosition frame=http://my.big.org/TRS/calendars/japanese” calendarEraName="Meiji">0025-
03</gml:timeHosition>

14.2.2.8 timekength ration, timelnterval, TimeUnitType

The length of a time period is described using the group gml : timeLength, which is declared in the schema
as follows:

<group name="timeLength">
<choice>
<element ref="gml:duration"/>
<element ref="gml:timelnterval"/>
</choice>
</group>

5) e.g. UNIX time, GPS calendar.
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Its content model is a choice of two property elements:

<element name="duration" type="duration"/>

gml:duration conforms to the ISO 8601 syntax for temporal length as implemented by the XML Schema
duration type. The other alternative is gml : timeInterval which conforms to ISO/IEC 11404 which is based
on floating point values for temporal length.

<element name="timelnterval" type="gml:TimelntervalLengthType"/>

<complexType name="TimelntervalLengthType" final="#all">

ISO/I
facto

EXANMN

The
suita

<sinj

<simpleContent>
<extension base="decimal">
<attribute name="unit" type="gml:TimeUnitType" use="required"/>
<attribute name="radix" type="positivelnteger"/>
<attribute name="factor" type="integer"/>
</extension>
</simpleContent>

¥/complexType>

EC 11404 syntax specifies the use of a positivelnteger together with.:appropriate values
. The resolution of the time interval is to one radix *(-factor) of the specified time unit.

PLE unit="second", radix="10", factor="3" specifies a resolutionof milliseconds

value of the unit is either selected from the units foretime intervals from ISO 80000-3,
ble unit. The encoding is defined for GML in gm1 : TimeUnitType:

pleType name="TimeUnitType">

<urion>

<3

4

4

<

4

<
</u
</sin

The

impleType>

restriction base="string">
<enumeration value="year"/>
<enumeration value="month"/>
<enumeration value="day"/>
<enumeration value="hour"/>
<enumeration value="minute"/>
<enumeration value="second"/>
[restriction>

simpleType>

impleType>

restriction base="string">
<pattern value="other:\w{2,}"/>
[restriction>

SimpleType>

hion>

hpleType>

sécond component of this union type provides a method for indicating time units other

for radix and

br is another

than the six

stand

ard units given in the enumeration.

EXAMPLE To express a period length of 5 days, 14 hours and 30 minutes, any of the following
acceptable:

<duration>P5DT14H30M</duration>
<timelnterval unit="hour” radix="10" factor="0">134.5</timelnterval>
<timelnterval unit="other:week” radix="10" factor="0"> 0.800595</timelnterval>

©180
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14.3 Temporal topology schema

14.3.1 Introduction

Temporal topology is described in terms of time complexes, nodes, and edges, and the connectivity between
these. Temporal topology does not directly provide information about temporal position. It is used in the case
of describing a lineage or a history (e.g. a family tree expressing evolution of species, an ecological cycle, a
lineage of lands or buildings, or a history of separation and merger of administrative boundaries). The
following subclause specifies the temporal topology as temporal characteristics of features in compliance with
ISO 19108.

14.3.2 Temporal topology objects

14.3.2.1 Oyerview

A temporal fopology object shall be a temporal element that describes the order of features or fdature
properties as temporal characteristics of features. The two temporal topology objects~are primitivg and
complex.

As time is |a one dimensional topological space, temporal topology primitives shall be a time |node
correspondirlg to an instant, and a time edge corresponding to a period. A time-node is an abstraction [of an
event that hdppened at a certain instant as a start or an end of one or more-states. A state is a conditionn — a
characteristi¢ of a feature or data set that persists for a period. A “static feattre” in this International Stapdard
means a feafure that holds a consistent identifier during its life span. Time edge is an abstraction of a ptate,
and associates with time nodes representing its start and end. However, temporal topology primitives do not
directly indicate “when” or “how long.” A time node need not be a-start or an end of a time edge in the cgdse of
describing the event not associating with states. Such a node is’called an isolated node.

A topology qomplex is a collection of topological primitives’that is closed under the boundary operatipn. A
temporal topplogy complex shall be a connected acyclic directed graph composed of time edges and time
nodes. A mirimum temporal topology complex is a time“edge with two time nodes at its both ends.

EXAMPLE A lifecycle of a building can be described as a sequence of stages: plan, designing, constrjction,
utilization, disposal and demolition. Each stage ‘can be represented as a time edge. The boundary of each |stage
describing as g time node represents an eventwefidecision-making, which terminates the stage and also originates thg next
stage. Thus, { lifecycle of a building is descfibed as a temporal topology complex composed of a sequence of time pdges
connected with time nodes.

14.3.2.2 AbstractTimeTopologyPrimitive

Temporal topology primitives*shall imply the ordering information between features or feature properties|. The
temporal connection of features can be examined if they have temporal topology primitives as values of their
properties. Usually, amninstantaneous feature associates with a time node, and a static feature associates with
a time edge.| A feature with both modes associates with the temporal topology primitive: a supertype of time
nodes and tillne edges.

gml:TimeTopologyPrimitive implements [SO 19108 TM_TopologicalPrimitive (see D.2.5.6 and
ISO 19108:2002, 5.2.4.2) and acts as the head of a substitution group for temporal topology primitives. It is
defined in the schema as follows:

<element name="AbstractTimeTopologyPrimitive" type="gml:AbstractTimeTopologyPrimitiveType" abstract="true"
substitutionGroup="gml:AbstractTimePrimitive"/>

gml :AbstractTimeTopologyPrimitive may be used in any position that a
gml:AbstractTimePrimitive is valid. Its content model is defined as follows:

<complexType name="AbstractTimeTopologyPrimitiveType" abstract="true">
<complexContent>
<extension base="gml:AbstractTimePrimitiveType">
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<sequence>

<element name="complex" type="gml:ReferenceType" minOccurs="0"/>

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

A topological primitive is always connected to one or more other topological primitives, and is, therefore,
always a member of a topology complex. In a GML instance, this will often be indicated by the primitives being
described by elements that are descendents of an element describing a complex. However, in order to
support the case where a temporal topology primitive is described in another context, the optional
gml : complex property is provided, which carries a reference to the parent temporal topology complex.

14.3.

gml
gml

4

4

14.3.

A ten
primi
boun

(ITimeTopologyPrimitivePropertyType
:lAbstractTimeTopologyPrimitive with an object:

.3 TimeTopologyPrimitivePropertyType

provides for associat

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

.4 TimeTopologyComplex
nporal topology complex shall be the connected_acyclic directed graph composed of temp

ives, i.e. time nodes and time edges. Because-a‘time edge may not exist without two time
Haries, static features have time edges from-a, temporal topology complex as the values of {

properties, regardless of explicit declarations.

A ten
a seq
elem

poral topology complex expresses alinear or a non-linear graph. A temporal linear graph,
uence of time edges, provides a lineage described only by “substitution” of feature instanc
ent values. A time node as thetstart or the end of the graph connects with at least one time

node|other than the start and the-end shall connect to at least two time edges: one of starting fr
and another ending at the node:
gml:|TimeTopologyCompiéx implements [ISO 19108 TM_TopologicalComplex (see [
ISO 19108:2002, 5.2.45)*and is declared as follows:
felement name="TimeTopologyComplex" type="gml:TimeTopologyComplexType"
substitutionGroup="gml:AbstractTimeComplex"/>
gml :|TimePepologyComplex may be used in any position that a gml : AbstractTimeComplg
contgnt-moedel is defined as follows:

bral topology
nodes on its
neir temporal

composed of
es or feature
edge. A time
bm the node,

D.2.5.6 and

% is valid. Its

<complexType name="TimeTopologyComplexType" abstract="true">
<complexContent>
<extension base="gml:AbstractTimeComplexType">

<sequence>

<element name="primitive" type="gml:TimeTopologyPrimitivePropertyType" maxOccurs="unbounded"/>

</sequence>
</extension>

</complexContent>
</complexType>

A temporal topology complex is a set of connected temporal topology primitives. The member primitives are
indicated, either by reference or by value, using the gml : primitive property.
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14.3.2.5 TimeTopologyComplexPropertyType

gml:TimeTopologyComplexPropertyType provides for associating a gml : TimeTopologyComplex with

an object:

<complexType name="TimeTopologyComplexPropertyType">

<seq

uence minOccurs="0">
<element ref="gml:TimeTopologyComplex"/>

</sequence>

<attri
<attri

buteGroup ref="gml:AssociationAttributeGroup"/>
buteGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>

14.3.2.6 Ti

A time node
equivalent to|
time node ma

gml:TimeN
as follows:

<element nafne="TimeNode" type="gml:TimeNodeType" substitutionGroup="gml:AbstractTimeTopologyPrimitive"/>

gml:TimeN
content mod

b
7

<complexTyy
<complexCo
<extensior]
<sequen
<eleme
<e|eme$
<eleme
</sequen
</extensio
</complexQ
</complexT]
14.3.2.7 Ti

gml:TimeN

<comple

<seq
</s&
<att

meNode

e name="TimeNodeType">

e>

ce>
N>
ontent>

ype>

meNodePropertyType

Type name={TimeNodePropertyType">

quence>
ibuteGroup ref="gml:AssociationAttributeGroup"/>

is a zero-dimensional topology primitive that represents an identifiable node€~in" time
a point in space). A node may act as the termination or initiation of any number of time edg
y be realized as a geometry, its position, whose value is a time instant.

de implements ISO 19108 TM_Node (see D.2.5.6 and ISO 19108:2002,-5:2.4.3) and is deq

de may be used in any position that a gml :AbstractTdimeTopologyPrimitive is val
| is defined as follows:

ntent>
base="gml:AbstractTimeTopologyPrimitiveType">

t name="previousEdge" type="gml:TimeEdgeRrapertyType" minOccurs="0" maxOccurs="unbounded'

t name="nextEdge" type="gml:TimeEdgePRropertyType" minOccurs="0" maxOccurs="unbounded"/>
t name="position" type="gml:TimelnstantPropertyType" minOccurs="0"/>

dePropertyType provides for associating a gml : TimeNode with an object:

uence minOccurs="0">
<element ref="gml: TimeNode"/>

(it is
es. A

lared

d. Its

<attr

T Y P2 ' L ALl .
DU’ oroup Ter= "y UWIeTSIMYAUNoute Group 7

</complexType>

14.3.2.8 TimeEdge

A time edge is a one-dimensional topology primitive. It is an open interval that starts and ends at a node. The

edge may be

realized as a geometry whose value is a time period.

gml : TimeEdge implements ISO 19108 TM_Edge (see D.2.5.6 and ISO 19108:2002, 5.2.4.4) and is declared

as follows:

<element name="TimeEdge" type="gml:TimeEdgeType" substitutionGroup="gml:AbstractTimeTopologyPrimitive"/>
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gml:TimeEdge may be used in any position that a gml :AbstractTimeTopologyPrimitive is valid. Its
content model is defined as follows:

<complexType name="TimeEdgeType">
<complexContent>
<extension base="gml:AbstractTimeTopologyPrimitiveType">
<sequence>

<element name="start" type="gml: TimeNodePropertyType"/>
<element name="end" type="gml: TimeNodePropertyType"/>
<element name="extent" type="gml: TimePeriodPropertyType" minOccurs="0"/>

</sequence>
</extension>

</¢
</co|

14.3.

gml

4

4

14.4

14.4.

A val
systel
elaps
Greg
entai
systel
prole

In

gml
gml
gml

14.4.

A ref
whict

1 o 4 &
MITIPDICTAUUTTICTIL

mplexType>

.9 TimeEdgePropertyType

:ITimeEdgePropertyType provides for associating a gml : TimeEdge with an,object:

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

Temporal reference systems

I Overview

ue in the time domain is measured relativeto a temporal reference system. Common types
m include calendars, ordinal temporal reference systems, and temporal coordinate s

brian Calendar and 24 hour local or' Coordinated Universal Time (UTC), but special app
the use of alternative referencé .systems. The Julian day numbering system is a tempor

P Basic temporal reference system, TimeReferenceSystem

bfence system is characterized in terms of its domain of validity: the spatial and temporg

of reference
stems (time

ed since some epoch). The primary.témporal reference system for use with geographic infoqmation is the

ications may
bl coordinate

m that has an origin earliersthan any known calendar, at noon on 1 January 4713 BC [in the Julian
btic calendar, and is useful intransformations between dates in different calendars.

ML seven concrete elements are wused to describe temporal reference systems:
:(TimeReferenceS¥sSten, gml:TimeCoordinateSystem, gml:TinfeCalendar,
(ITimeCalenda&Bra, gml:TimeClock, gml:TimeOrdinalReferenceSyst4dm, and
TimeOrdinadEra.

| extent over

It IS applicable. I'he pasic GML element Tfor temporal reference

systems s

gml:TimeReferenceSystem. Its content model extends gml:DefinitionType (see 15.2.1) with one
additional property, gml : domainOfVvalidity. Itis implemented as follows:

<ele

ment name="TimeReferenceSystem" type="gml:TimeReferenceSystemType"

substitutionGroup="gml:Definition"/>

gml:TimeReferenceSystem may be used in any position that a gml:Definition is valid. Its content
model is defined as follows:

<complexType name="TimeReferenceSystemType">
<complexContent>
<extension base="gml:DefinitionType">
<sequence>
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<element name="domainOfValidity" type="string"/>
</sequence>
</extension>
</complexContent>
</complexType>

EXAMPLE This element might appear in an instance document as follows:

<gml:TimeReferenceSystem gml:id="JulianCalendar">
<gml:description xlink:href="http://aa.usno.navy.mil/data/docs/JulianDate.html|"/>
<gml:name>Julian Calendar</gml:name>
<gml:domainOfValidity>Western Europe</gml:domainOfValidity>
</gml:TimeReferenceSystem>

14.4.3 TimeLoordinateSystem

A temporal doordinate system shall be based on a continuous interval scale defined in terms,afa singlg time
interval.

gml:TimeCpordinateSystem implements ISO 19108 TM_CoordinateSystem™ (see D.2.5.9 | and
ISO 19108:2D02, 5.3.3) with the exceptions specified below and is declared as follows;

<element nafne="TimeCoordinateSystem" type="gml: TimeCoordinateSystemType"
substitutionGroup="gml:TimeReferenceSystem"/>

gml:TimeCdordinateSystem may be used in any position that a gml: TimeReferenceSystem is jvalid.
Its content mjodel is defined as follows:

<complexType name="TimeCoordinateSystemType">
<complexCopntent>
<extensiorn base="gml:TimeReferenceSystemType">
<sequenge>

<elemént name="originPosition" type="gml:TimePgsitionType"/>
<element name="origin" type="gml:TimelnstantRropertyType"/>
</choicg>
<element name="interval" type="gml:TimelntervalLengthType"/>
</sequenice>
</extensiop>
</complexQontent>
</complexType>

The differenges to ISO 19108 TM* CoordinateSystem are:

— the origln is specified\ either using the property gml:originPosition whose value is a direcf time
position| (see.{ 14.2.2.7), or using the property gml:origin whose model is
gnl:TimeInstantPropertyType (see 14.2.2.4); this permits more flexibility in representation and also
supportd referring to a value fixed elsewhere;

— theinterval uses gml : TimeIntervalLengthType, defined in 14.2.2.8.
EXAMPLE Coordinate systems might be described in data instances as follows:

<gml:TimeCoordinateSystem gml:id="Laser36">

<gml:description>Time scale used during a laser experiment</gml:description>

<gml:name>Laser timescale 36</gml:name>

<gml:domainOfValidity>Laser laboratory</gml:domainOfValidity>

<gml:origin>
<gml:Timelnstant>

<gml:timePosition>2002-11-28T12:50:00+08:00</gml:timePosition>

</gml:Timelnstant>

</gml:origin>
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<gml:interval unit="second” radix="10" factor=12">1.0</gml:interval>
</gml:TimeCoordinateSystem>

<gml:TimeCoordinateSystem gml:id="geologyMa">
<gml:name>Geological time system</gml:name>
<gml:domainOfValidity>Earth</gml:domainOfValidity>
<gml:origin>
<gml:Timelnstant>
<gml:description xlink:href="http://www.c14dating.com/agecalc.html">Conventional origin used for carbon dating.
Equivalent to "present" for other radiometric dating techniques which have much lower precision.</gml:description>
<gml:timePosition>1950</gml:timePosition>
</gml:Timelnstant>
</g l-origin>
<gmf:interval unit="year” radix=10" factor="-6">1.0</gml:interval>
</gmliTimeCoordinateSystem>

14.4.4 Calendars and clocks
14.4.4.1 Overview

Calemdars and clocks are both based on interval scales. A calendar is a discrete temporal refeffence system
that :I:rovides a basis for defining temporal position to a resolution of ofe day. A clock provides a basis for
definjng temporal position within a day. A clock shall be used with a,calendar in order to provide a complete
desciription of a temporal position within a specific day.

Calendars have a variety of complex internal structures. Thisischema defines a simple extefnal calendar
interface. Every calendar provides a set of rules for composing-a calendar date from a set of elements such as
year,[month, and day. In every calendar, years are numbered relative to the date of a referenge event that
defings a calendar era. A single calendar may reference more than one calendar era.

14.4.4.2 TimeCalendar, TimeCalendarEra

A calendar is a discrete temporal referencélsystem that provides a basis for defining temporal|position to a
resoliition of one day. gml:TimeCalendar implements ISO 19108 TM_Calender (see |[D.2.5.8 and
ISO 19108:2002, 5.3.2.3) and is declared‘as follows:

<element name="TimeCalendar" type="gml:TimeCalendarType" substitutionGroup="gml:TimeReferenceSystem"/>

gnl:TimeCalendar may /be Used in any position that a gml:TimeReferenceSystem is valifl. Its content
modgl is defined as follows:

<cormpplexType name<"TimeCalendarType">
<cgmplexContent>
<g¢xtension base="gml:TimeReferenceSystemType">
¥sequence>
<element name="referenceFrame" type="gml:TimeCalendarEraPropertyType" maxOccurs="unboundgd"/>
{/sequence>
</exténsion>
</complexConient>
</complexType>

gml:TimeCalendar adds one property to those inherited from gml:TimeReferenceSystem. A
gml :referenceFrame provides a link to a gml:TimeCalendarEra that it uses. A gml:TimeCalendar
may reference more than one calendar era.

The referenceFrame element follows the standard GML property model, allowing the association to be
instantiated either using an inline description using the gml:TimeCalendarEra element, or a link to a
gml:TimeCalendarEra which is explicit elsewhere.

gml:TimeCalendarEra implements ISO 19108 TM_CalenderEra (see D.2.5.8 and 1SO 19108:2002,
5.3.2.1) and is declared as follows:
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<element name="TimeCalendarEra" type="gml:TimeCalendarEraType" />

Its content model is defined as follows:

<complexType name="TimeCalendarEraType">
<complexContent>
<extension base="gml:DefinitionType">
<sequence>
<element name="referenceEvent" type="gml:StringOrRefType"/>
<element name="referenceDate" type="gml:CalDate"/>
<element name="julianReference" type="decimal"/>
<element name="epochOfUse" type="gml:TimePeriodPropertyType"/>
</sequence=>
</extensiop>
</complexQontent>
</complexTlype>

gml:TimeCglendarEra inherits basic properties from gml:DefinitionType (see 15:2.9) and has the
following additional properties:

— gml:refferenceEvent is the name or description of a mythical or historic event-which fixes the pasition
of the bgse scale of the calendar era. This is given as text or using a link to deseription held elsewhefe.

— gml:refferenceDate specifies the date of the referenceEvent expréssed as a date in the piven
calendar. In most calendars, this date is the origin (i.e., the first day) of the scale, but this is not always
true.

— gml:jullianReference specifies the Julian date that corresponds to the reference date. The Juliah day
number s an integer value; the Julian date is a decimal value that allows greater resolution. Transfofming
calendar dates to and from Julian dates provides a relatively simple basis for transforming dates from one
calendaf to another.

— gml:eppchOfUse is the period for which the caléndar era was used as a basis for dating.

14.4.4.3 TimeCalendarPropertyType, TimeCalendarEraPropertyType
gml:TimeCglendarPropertyType provides for associating a gml : TimeCalendar with an object:

<complexType name="TimeCalendarPropertyType">
<sequence minOccurs="0">

<element ref="gml: TimeCalendar"/>
</selquence>
<attfibuteGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>

</complexType>

gml:TimeCglendaxEraPropertyType provides for associating a gml : TimeCalendarEra with an object:

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

14.4.4.4 TimeClock

A clock provides a basis for defining temporal position within a day. A clock shall be used with a calendar in
order to provide a complete description of a temporal position within a specific day. gml:TimeClock
implements ISO 19108 TM_Clock (see D.2.5.8 and ISO 19108:2002, 5.3.2.4) and is declared as follows:

<element name="TimeClock" type="gml:TimeClockType" substitutionGroup="gml:TimeReferenceSystem"/>
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gml:TimeClock may be used in any position that a gml:TimeReferenceSystem is valid. Its content
model is defined as follows:

<complexType name="TimeClockType" final="#all">
<complexContent>
<extension base="gml:TimeReferenceSystemType">
<sequence>
<element name="referenceEvent" type="gml:StringOrRefType"/>
<element name="referenceTime" type="time"/>
<element name="utcReference" type="time"/>
<element name="dateBasis" type="gml:TimeCalendarPropertyType" minOccurs="0" maxOccurs="unbounded"/>
L
IDU\.'UUI LAV~
</extension>
</cpmplexContent>
</cgmplexType>

gml :|TimeClock adds the following properties to those inherited from gm1 : TimeRelfetenceSystemType:

— ¢gml:referenceEvent is the name or description of an event, such as\solar noon or slinrise, which
fixes the position of the base scale of the clock.

— ¢ml:referenceTime specifies the time of day associated with the reference event expresged as a time
of day in the given clock. The reference time is usually the originef the clock scale.

— ¢ml:utcReference specifies the 24 hour local or UTC timethat corresponds to the reference time.

— gml:dateBasis contains or references the calendars-that use this clock.

14.4.4.5 TimeClockPropertyType
gml :TimeClockPropertyType provides for assaciating a gml : TimeClock with an object:

fcomplexType name="TimeClockProperty Type">
<sequence minOccurs="0">

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

14.4.p Ordinal temporal-reference systems

14.4.6.1 Overview

In some applications of geographic information — such as geology and archaeology — relatiye position in
time lis known‘more precisely than absolute time or duration. The order of events in time|can be well
estaljlished; but the magnitude of the intervals between them cannot be accurately determined; irj such cases,
the yseé-of an ordinal temporal reference system is appropriate. An ordinal temporal referenge system is
compuosed-ofa—sequenceof mamed—coterminous—eras,—which—mayim—turmbe—composed-—of sequences of
member eras at a finer scale, giving the whole a hierarchical structure of eras of varying resolution.

An ordinal temporal reference system whose component eras are not further subdivided is effectively a
temporal topology complex constrained to be a linear graph. An ordinal temporal reference system some or all
of whose component eras are subdivided is effectively a temporal topology complex with the constraint that
parallel branches may only be constructed in pairs where one is a single temporal ordinal era and the other is
a sequence of temporal ordinal eras that are called "members" of the "group". This constraint means that
within a single temporal ordinal reference system, the relative position of all temporal ordinal eras is
unambiguous.

The positions of the beginning and end of a given era may calibrate the relative time scale.
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14.4.5.2 TimeOrdinalReferenceSystem, TimeOrdinalEra

gml:TimeOrdinalReferenceSystem implements ISO 19108 TM_OrdinalReferenceSystem (see D.2.5.10
and 1SO 19108:2002, 5.3.4) by adding one or more gml:component properties to the generic temporal
reference system model. It is declared as follows:

<element name="TimeOrdinalReferenceSystem" type="gml:TimeOrdinalReferenceSystemType"
substitutionGroup="gml:TimeReferenceSystem"/>

gml:TimeOrdinalReferenceSystem may be used in any position that a gml : TimeReferenceSystem is
valid. Its content model is defined as follows:

<complexTyge name="TimeOrdinalReferenceSystemType">
<complexCopntent>
<extension base="gml:TimeReferenceSystemType">
<sequenge>
<element name="component" type="gml:TimeOrdinalEraProperty Type" maxOccurs="unbounded"/>
</sequenice>
</extensiop>
</complexQontent>
</complexType>

gml:TimeO¥dinalEra implements ISO 19108 TM_OrdinalEra (see D.2.5.10%and ISO 19108:2002, §.3.4).
Its content model follows the pattern of gml:TimeEdge (see 14.3.2.8), inferiting standard properties| from
gml:DefinltionType (see 15.2.1), and adding gml:start, gml:en@/and gml:extent properties,|a set
of gml:member properties which indicate ordered gml:TimeOrdinalEra elements, and a gml:gfroup
property whig¢h points to the parent era. This is declared as follows:

<element name="TimeOrdinalEra" type="gml:TimeOrdinalEraType"/>

<complexTypg name="TimeOrdinalEraType">
<complexCpntent>
<extension base="gml:DefinitionType">
<sequenge>
<elememnt name="relatedTime" type="gml:RelatedTimeType" minOccurs="0" maxOccurs="unbounded"/>
<element name="start" minOccurs="0" type="gml: TimeNodePropertyType"/>
<element name="end" minOccurs="0" type="gml: TimeNodePropertyType"/>
<element name="extent" type="gml:TimeReriodPropertyType" minOccurs="0"/>
<element name="member" type="gmi:FimeOrdinalEraPropertyType" minOccurs="0" maxOccurs="unbounded'{>
<element name="group" type="gml:ReferenceType" minOccurs="0"/>
</sequenice>
</extensiop>
</complexQontent>
</complexType>

The recursivie inclusiony'of gml:TimeOrdinalEra elements allow the construction of an arbitrary flepth
hierarchical prdinal reference schema, such that an ordinal era at a given level of the hierarchy inclugles a
sequence of fshofter, coterminous ordinal eras.

EXAMPLE

<gml:TimeOrdinalReferenceSystem gml:id="GeologicalTimeScale">
<gml:description xlink:href="ftp://ftp.iugs.org/pub/iugs/iugs_intstratchart.pdf"/>
<gml:name>Geological time scale</gml:name>
<gml:domainOfValidity>Earth</gml:domainOfValidity>
<!-- Earlier eras omitted -->
<gml:component>
<gml:TimeOrdinalEra gml:id="Cenozoic">
<gml:name>Cenozoic Era</gml:name>
<gml:start xlink:href="#basePaleocene"/>
<gml:end xlink:href="#now"/>
<gml:member>
<gml:TimeOrdinalEra gml:id="Tertiary">
<gml:name>Tertiary Period</gml:name>
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<gml:start xlink:href="#baseTertiary"/>
<gml:end xlink:href="#basePleistocene"/>
<gml:member>
<gml:TimeOrdinalEra gml:id="Paleogene">
<gml:name>Paleogene sub-period</gml:name>
<gml:start>
<gml:Timelnstant gml:id="basePaleogene">
<gml:timePosition frame="#geologyMa">65.0</gml:timePosition>
</gml:Timelnstant>
</gml:start>
<gml:end xlink:href="#baseNeogene"/>
<gml:member>
<gml:TimeOrdinalEra gml:id="Paleocene">
<gml:name>Paleocene Epoch</gml:name>
<gml:start xlink:href="#basePaleogene"/>
<gml:end xlink:href="#baseEocene"/>
</gml:TimeOrdinalEra>
</gml:member>
<gml:member>
<gml:TimeOrdinalEra gml:id="Eocene">
<gml:name>Paleocene Epoch</gml:name>
<gml:start >
<gml:Timelnstant gml:id="baseEocene">
<gml:timePosition frame="#geologyMa">57.8</gml:timePosition>
</gml:Timelnstant>
</gml:start >
<gml:end xlink:href="#baseOligocene"/>
</gml:TimeOrdinalEra>
</gml:member>
<gml:member>
<gml:TimeOrdinalEra gml:id="Oligocene">
<gml:name>Oligocene Epoch</gml:name>
<gml:start >
<gml:Timelnstant gml:id="baseOligocene">
<gml:timePosition frame="#geologyMa">83.7</gml:timePosition>
</gml:Timelnstant>
</gml:start >
<gml:end xlink:href="#baseNeogene"/>
</gml:TimeOrdinalEra>
</gml:member>
</gml:TimeOrdinalEra>
</gml:member>
<l-- Neogene sub-period and(Quaternerary period omitted -->
¥/gml:TimeOrdinalEra>
</gml:member>
</gml:TimeOrdinalEta>
</gnpl:component>
</gmlTimeOrdinalReferenceSystem>

Note fhat the,use of references on various begin and end elements allows the position of the boundaries bétween eras to
be re¢orded once and then re-used many times as appropriate, corresponding to a non-linear graph when gppropriate. All
positipns_refer to a frame “geologyMa” which would be defined as a temporal coordinate system (e.g see Clguse 12).

14.4.5.3 TimeOrdinalEraPropertyType

gml:TimeOrdinalEraPropertyType provides for associating a gml : TimeOrdinalEra with an object:

<complexType name="TimeOrdinalEraPropertyType">
<sequence minOccurs="0">
<element ref="gml:TimeOrdinalEra"/>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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14.5 Representing dynamic features

14.5.1 Overview

A number of types and relationships are defined to represent the time-varying properties of geographic

features.

In a comprehensive treatment of spatiotemporal modelling, Langran (see Bibliography) distinguished three
principal temporal entities: states, events, and evidence; the schema specified in the following subclauses

incorporates

In GML, evi
that indicate

<element na
<element na

The remote
To refer to a

EXAMPLE

14.5.3 Dynamic properties

A convenien

<group namg

elements for each. The conceptual model is shown in D.3.11.

ence is represented by a simple gml:dataSource or gml :dataSourceReferen&e prd
the source of the temporal data.

e="dataSource" type="gmi:StringOrRefType"/>
e="dataSourceReference" type="gml:ReferenceType"/>

nk attributes of the gm1 : dataSource element have been deprecated‘along with its current

remote data source, use the remote link attributes of gm1 : dataSou¥céReference instead,

A human observer or an in situ sensor.

Ce group gml :dynamicProperties is defined as follows:

="dynamicProperties">

<sequencex

<element

<element fef="gml:history" minOccurs="0"/>
<element fef="gml:dataSource" minOccurs="0"/>

<element
</sequence
</group>

This allows 4
fashion. The
in 14.5.

14.5.4 DynamicFeature

States are

DynamicFeajure as>shown in D.3.11 and is declared as follows:

ef="gml:validTime" minOccurs="0"/>

ef="gml:dataSourceReference" minOc¢curs="0"/>
>

n application schema developer to include dynamic properties in a content model in a sta
gml:validTime property is specified in 14.2.1.3. The other properties are specified elseV

captured by time-stamped instances of a feature. gml:DynamicFeature implern

<element na

perty

type.

hdard
vhere

nents

The content model extends the standard gml : AbstractFeatureType with the gml :dynamicProperties
model group:

<complexType name="DynamicFeatureType">
<complexContent>
<extension base="gml:AbstractFeatureType">
<group ref="gml:dynamicProperties"/>

</extensio

n>

</complexContent>
</complexType>
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Each time-stamped instance represents a ‘snapshot’ of a feature. The dynamic feature classes will normally
be extended to suit particular applications. A dynamic feature bears either a time stamp or a history.

NOTE A history consists of a set of gm1:AbstractTimeSlices and such time slices may contain any time varying
properties. We might for example use such a mechanism to describe a feature with one property that varies in time.

14.5.5 DynamicFeatureCollection

gml :DynamicFeatureCollection implements DynamicFeatureCollection as shown in D.3.11 and is
declared as follows:

<elefnent name="DynamicFeatureCollection” type="gml:DynamicFeatureCollection 1ype
subgtitutionGroup="gml:DynamicFeature"/>

The ¢ontent model extends gml : DynamicFeatureType with the gml : dynamicMember s, propgrty:

<corpplexType name="DynamicFeatureCollectionType">
<cgmplexContent>
<gxtension base="gml:DynamicFeatureType">
¥sequence>
<element ref="gml:dynamicMembers"/>
{/sequence>
</extension>
</cpmplexContent>
</complexType>

<element name="dynamicMembers" type="gml:DynamicFeatureMémberType"/>

<complexType name="DynamicFeatureMemberType">

<cgmplexContent>
<gxtension base="gml:AbstractFeatureMemberType">
¥sequence>
<element ref="gml:DynamicFeature" minOccurs="0" maxOccurs="unbounded"/>
{/sequence>
sattribute Group ref="gml:AssociationAttributée Group"/>

</extension>

</cpmplexContent>

</complexType>

A gm[l : DynamicFeatureColNléction is a feature collection that has a gml:validTime progerty (i.e. is a
snapghot of the feature,collection) or which has a gml:history property that contains ¢ne or more
gml:|AbstractTimeSluiees each of which contain values of the time varying properties of the feature
collegtion. Note thatthe-gm1 : DynamicFeatureCollection may be one of the following:

1 A feature/collection which consists of static feature members (members do not changg in time) but
whichhas properties of the collection object as a whole that do change in time®).

EXAMPLEEM A Train: The Train is a feature collection. The position and speed of the train are time varying and could
be captured in the history of the Train. The featureMembers of the Train are the individual cars including the locomotive.
The properties of the cars are static such as the position of the car in the train (we ignore any re-organization of the train in
this example), the cargo, the make of the car and its type (e.g. grain car, oil car etc.).

2. A feature collection which consists of dynamic feature members (the members are
gml : DynamicFeatures) but which also has properties of the collection as a whole that vary in time.

EXAMPLE 2 A collection of sail boats in a yachting race. The sail boats may disappear from the race or reappear. The
area encompassing the boats in the race (think of a race like the Vendée Globe) would be time variant.

6) e.g. described by a history.

© ISO 2007 — Al rights reserved 159


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:

NOTE

2007(E)

One may also have a feature collection with dynamic feature members but such that the properties of the

collection as a whole are static. This might also be applied to the sail boat race where we only have properties like the
organization committee, and the location of the starting point and finish line.

14.5.6 AbstractTimeSlice

To describe an event — an action that occurs at an instant or over an interval of time — GML provides the
gml:AbstractTimeSlice element, which is declared as follows:

<element name="AbstractTimeSlice" type="gml:AbstractTimeSliceType" abstract="true"
substitutionGroup="gml:AbstractGML"/>

<complexTyy
<complexC
<extensior
<sequen
<eleme
<eleme
</sequen
</extensio|
</complexQ
</complexTy

A timeslice €
time stampe
data was acd

A gml:Absf
volatile—pro
actually char

EXAMPLE 1
changed, then

gml:Abstrd
object-level t

The time sli
structure-orie
whole.

e name="AbstractTimeSliceType" abstract="true">
bntent>
base="gml:AbstractGMLType">
e>
t ref="gml:validTime"/>
t ref="gml:dataSource" minOccurs="0"/>
ce>
n>
ontent>
be>

hcapsulates the time-varying properties of a dynamic feature —-itShall be extended to repres
 projection of a specific feature. The gml:dataSource property describes how the tem
uired.

ractTimeSlice instance is a GML object that éncapsulates updates of the dynami
perties that reflect some change event; it thus includes only those feature properties that
ged due to some process.

Suppose that ownership of a building changes and it is renamed. If no other building properties
the event will only include the updated name.

ctTimeSlice basically provides a“facility for attribute-level time stamping, in contrast t
me stamping of dynamic feature-‘instances.

Ce can thus be viewed ,as_event or process-oriented, whereas a snapshot is more st3
nted. A timeslice has_richer causality, whereas a snapshot merely portrays the status ¢

ent a
poral

c—or
have

have

p the

te or
f the

EXAMPLE 2 A feature collection might have a 'life cycle' represented by a sequence of snapshots, see Figure 3.
featureA
feature B feature B
feature C
| | time
ty t,
Figure 3 — The life cycle of a feature collection
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At instant t4, feature A, feature B, and feature C are all members of the collection. However, at instant t, only feature A and
feature C are members. Closer examination of the history of feature B will reveal its ephemeral nature (e.g. a building is
dismantled and reconstructed on a seasonal basis).

14.5.7 history

A generic sequence of events constitute a gml : history of an object. This property element is declared as
follows:

<element name="history" type="gml:HistoryPropertyType"/>

<complexTvpe name="HistorvPropertyTyne">
L 7T J L 7 JT

<sgquence>
<g¢lement ref="gml:AbstractTimeSlice" maxOccurs="unbounded"/>
</spquence>
<affributeGroup ref="gml:OwnershipAttributeGroup"/>
</complexType>

The pml:history element contains a set of elements in the substitution group headed by
element gml:AbstractTimeSlice, representing the time-varying properties of interest.

prop
even

NOTE

is iny
desc
temp
dyna
valid
topol
colle

EXAM
exten
harm

If a fg

sequd
gml:

4

<gpp:Cyclone gml:id="¢">

rty of a dynamic feature associates a feature instance with a sequence of time slices
s) that encapsulate the evolution of the feature.

The gml :history property is intended to capture time varying properties of a feature w
ariant over the lifetime of the temporal model. In this way<the detailed evolution of a fe
ibed such as its motion in space or changes in its shape."he gml :history property may
pbral topology objects specified in 14.3. Every gml :AbstractTimeSlice in the gml:h
mic feature may correspond to a gml : TimeEdge inthe temporal topology model, if the to
times of different time slices shall be expressed explicitly. In temporal topology one construc
bgy complex that provides a framework to which one can attach the lineage of a feature

tion of features including dynamic features.
PLE gml:MovingObjectStatus (s€e 1.7.2) is one example of how gml:AbstractTimeS
Hed to capture the status of a moving object at certain times. The type has been deprecat

nization with the future ISO 19141 standard (Schema for moving features).

ature represents a moving objéct'such as a ground vehicle or a ship, then the gml :history proper]
nce of gml:MovingObjedtStatus elements. For example, a dynamic feature such as a cyclon
history property such as'shown in the following fragment:

gml:history>
<gml:MovingObjectStatus>
<gml:validTime><gml:Timelnstant>
<gm|:timePosition>2005-11-28T13:00:00Z</gml:timePosition>
</gmik;Timelnstant></gml:validTime>
<gmltlocation><gml:Point gml:id="p1" srsName="urn:x-ogc:def:crs:EPSG:6.6:4326">

the abstract
The history
(i.e. change

hose identity
bture can be
be related to
i story of a
bology of the
{s a temporal

or temporal

lice may be
bd pending a

y comprises a
may have a

2)
>

<gml:pos>-35 140</gml:pos>

©I1SO

<JgmI:Point></gml:location>
<gml:speed uom="#kph">12</gml:speed>
<gml:bearing>
<gml:CompassPoint>SE</gml:CompassPoint>
</gml:bearing>
</gml:MovingObjectStatus>
<gml:MovingObjectStatus>
<gml:validTime><gml:Timelnstant>
<gml:timePosition>2005-11-28T14:00:00Z</gml:timePosition>
</gml:Timelnstant></gml:validTIme>
<gml:location><gml:Point>
<gml:pos>-34.9 140.1</gml:pos gml:id="p1" srsName="urn:x-ogc:def:crs:EPSG:6.6:4326">
</gml:Point></gml:location>
<gml:speed uom="#kph">23</gml:speed>
<gml:bearing>
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<gml:C

ompassPoint>ESE</gml:CompassPoint>

</gml:bearing>
</gml:MovingObjectStatus>
</gml:history>

</app:Cycl

one>

15 GML schema — Definitions and dictionaries

15.1 Overvi

iew

Units of mea

It will often b
for delivery

documents it
is usually prg

Alternatively,
instance doc
an external
components

a generi

— ageneri
These comp
in GML, in p
(Clause 12),

Note that the GML definition and dictionary components implement a simple nested hierarchy of defin

with identifie

between terms. However, the GML dictionary components are not intended to provide direct suppd

complex tax|
sophisticated
NOTE TH

ur|

15.2 Dictignary.schema

grties or as reference mformatlon to tie propertles to standard information values in spme

dource, or may be new definitions for a local purpose. In orderto support this case, some s

sure and descriptions of measurable phenomena are two particular examples.

e convenient to use definitions provided by external authorities. These may already-be pack
in various ways, both online and offline. In order that they may be referred to from
is generally necessary that a URI be available for each definition. Where this-is the case t
ferable to refer to these directly.

it may be convenient or necessary to capture definitions in XML either embedded with
Lment containing features or as a separate document. The definitions may be transcriptions

are provided in GML in the form of

C gml:Definition, which may serve as the basis for more specialized definitions

C gml :Dictionary, which allows a set of definitions or references to definitions to be colle
bnents may be used directly, but also serve as the basis for more specialized definition elen
articular: coordinate operations (Clause 12), coordinate reference systems (Clause 12), da
temporal reference systems (Clause 14);-and units of measure (Clause 16).
s. The latter provide handles which may be used in the description of more complex relation

pnomies, ontologies or(thesauri. Specialized XML tools are available to satisfy the

requirements.
e dictionary schemadocument is identified by the following location-independent name (using URN sy

h:x-ogc:specification:gml:schema-xsd:dictionary:3.2.1

15.2.1 Definition, DefinitionType remarks

aged
GML
hen it

in an
from
mple

cted

nents
tums

itions
Ships
rt for
more

ntax):

The basic gml:Definition element specifies a definition, which can be included in or referenced by a

dictionary. It

<element

is declared as follows:

name="Definition" type="gml:DefinitionType" substitutionGroup="gml:AbstractGML"/>

<complexType name="DefinitionBaseType">
<complexContent>

162

<restriction base="gml:AbstractGMLType">
<sequence>
<element ref="gml:metaDataProperty" minOccurs="0" maxOccurs="unbounded"/>
<element ref="gml:description" minOccurs="0"/>
<element ref="gml:descriptionReference" minOccurs="0"/>
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<element ref="gml:identifier"/>
<element ref="gml:name" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
</complexContent>
</complexType>

<complexType name="DefinitionType">

<complexContent>
<extension base="gml:DefinitionBaseType">
<sequence>
<element ref="gml:remarks" minOccurs="0"/>
</sequence>

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

felement name="remarks" type="string"/>

The gontent model for a generic definition is a derivation from gm1 : Abstract/GMLType.

The gml:description property element shall hold the definition if this can be captured in § simple text
strind, or the gml : descriptionReference property element may carry a link to a description glsewhere.

The gml:identifier element shall provide one identifier identifying this definition. The identifier shall be
uniqye within the dictionaries using this definition.

The ¢ml : name elements shall provide zero or more termsand synonyms for which this is the defjnition.

The ¢ml : remarks element shall be used to hold additional textual information that is not conceptually part of
the dgfinition but is useful in understanding the definition.

15.2.2 Dictionary, DictionaryType

Sets |of definitions may be collected «into dictionaries or collections. These are declared in th¢ schema as
follows:

<element name="Dictionary" type="gml:DictionaryType" substitutionGroup="gml:Definition"/>

<compplexType name="DicticharyType">
<cgmplexContent>
<gxtension base="gml:DefinitionType">
fchoice minQcedrs="0" maxOccurs="unbounded">
<element refs"gml:dictionaryEntry"/>
<element.ref="gml:indirectEntry"/>
{/choice>
sattributeGroup ref="gml:AggregationAttributeGroup"/>
</extension>
</complexContent>
</complexType>

A gml:Dictionary is a non-abstract collection of definitions.

The gml:Dictionary content model adds a list of gml:dictionaryEntry and gml:indirectEntry
(deprecated) properties that contain or reference gml:Definition objects. A database handle (gml:id
attribute) is required, in order that this collection may be referred to. The standard gml:identifier,
gml:description, gml:descriptionReference and gml:name properties are available to reference or
contain more information about this dictionary. The gml:description and gml :descriptionReference
property elements may be used for a description of this dictionary. The derived gml :name element may be
used for the name(s) of this dictionary.
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15.2.3 dictionaryEntry, DictionaryEntryType

These elements contain or refer to the definitions which are members of a dictionary. The element
gml:dictionaryEntry is declared as follows:

<element name="dictionaryEntry" type="gml:DictionaryEntryType"/>

<complexType name="DictionaryEntryType">

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

<sequence minOccurs="0">

<element ref="gml:Definition"/>

</sequence>

<attributeGroup ref="gml:AssociationAttributeGroup"/>
</extension>

</cgmplexContent>
</complexType>

The content|model follows the standard GML property pattern, so a gml:dictionaxyEntry may either
contain or [refer to a single gml:Definition. Since gml:Dictionary™is substitutablg for
gml:Definj]tion, the content of an entry may itself be a lower-level dictionary.

Note that if the value is provided by reference, this definition does not carry a-handle (gml : id) in this cohtext,
so does not|allow external references to this specific definition in this centext. When used in this way the
referenced dgfinition will usually be in a dictionary in the same XML docufent.

15.2.4 Usint definitions and dictionaries

Dictionaries @and definitions are GML objects, so may be found.in independent GML data instance documgnts.

In applicatiop schemas it might be useful to attach a gri#: Dictionary or gml:Definitions to a fdature
collection in prder to record definitions used in properties’of members of the collection.

EXAMPLE The following example shows two instances of dictionaries:

<gml:Dictionary gml:id="rockTypes">
<gml:descriplion>A simple dictionary of rocktypes using components from gmiBase</gml:description>
<gml:identifigr codeSpace="http://www.abt.org/terms">Rock Types</gml:identifier>
<gml:dictiongryEntry>
<gml:Definifion gml:id="granite">
<gml:descfiption>A igneous rock.normally composed of quartz, two feldspars and optional mica</gml:description
<gml:identjfier codeSpace="http://www.abc.org/terms">Granite</gml:identifier>
</gml:Definftion>
</gml:dictionfryEntry>
<gml:dictiongryEntry>
<gml:Definifion gmlid="sst">
<gml:descfiption>A detrital sedimentary rock normally composed of siliceous grains</gml:description>
<gml:identjfier.codeSpace="http://www.abc.org/terms">Sandstone</gml:identifier>
</gml:Definltion=>
</gml:dictionaryEntry>
<gml:dictionaryEntry xlink:href="http://my.big.org/definitions/geology/limestone”/>
</gml:Dictionary>

\'

<gml:Dictionary gml:id="AbridgedGMLdictionary">
<gml:description>Abridged GML dictionary.</gml:description>
<gml:identifier codeSpace="http://www.opengis.net/gml/3.2">GML Dictionary</gml:identifier>
<gml:dictionaryEntry>
<gml:Definition gml:id="term4.1">
<gml:description>conceptual schema for data required by one or more applications</gml:description>
<gml:identifier codeSpace="http://www.isotc211.org/19101">application schema</gml:identifier>
</gml:Definition>
</gml:dictionaryEntry>
<gml:dictionaryEntry>
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<gml:Definition gml:id="term4.2">
<gml:description>application schema written in XML Schema in accordance with the rules specified in
ISO 19136</gml:description>
<gml:identifier codeSpace="http://www.opengis.net/gml|/3.2">GML application schema</gml:identifier>
</gml:Definition>
</gml:dictionaryEntry>
<gml:dictionaryEntry>
<gml:Definition gml:id="term4.3">
<gml:description>semantic relationship between two or more classifiers that specifies connections among their
instances </gml:description>
<gml:identifer codeSpace="http://www.uml.org/1.3">association</gml:identifier>
</gml:Definition>
</gml:dictionaryEntry>
<gmj:dictionaryEntry>
<gml:Definition gml:id="term4.4">
<gml:description>name-value pair contained in an element</gml:description>
<gml:identifer codeSpace="http://www.w3.org/XML/1998/namespace">attribute</gml:identifier>
</gml:Definition>
</gml:dictionaryEntry>
<l--1.-->
</gmlDictionary>

16 GML schema — Units, measures and values

16.1| Introduction
Several GML schema components concern or require quantitative values which use a reference $cale or units
of measure. In 8.2 the types gml sMeasureType, gml :MeasureListType and

gml :MeasureOrNilReasonListType are defined_ta enable GML properties and objects to ¢arry units of
meagure, in accordance with the following pattern:

<abg:length uom=“m">100</abc:length>

The attribute uom means “unit of measuréand holds a gml : UomIdentifier (see 8.2.3.6).
This glause describes schema compenents concerning three topics:

— & set of components for defining units of measure,

— & set of typed measures,

— gtructures for.aggregates and lists of measures.

16.2| Units.schema

16.2.|1 Overview

Several GML schema components concern or require a reference scale or units of measure. Units are
required for quantities that may occur as values of properties of feature types, as the results of observations,
in the range parameters of a coverage, and for measures used in Coordinate Reference System definitions.

NOTE The schema document units.xsd defines components to support the definition of units of measure. The units
schema is listed in Annex C; it is identified by the following location-independent name (using URN syntax):

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

The basic unit definition is an extension of the general gml:Definition element defined in 15.2.1. Three
specialized elements for unit definition are further derived from this.
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This model is based on the Sl system of units (see ISO 1000), which distinguishes between base units and

derived units

particular system of units, which may not be derived by combination of other base units.

algebraic combination of the base units.

Base units are the preferred units for a set of orthogonal fundamental quantities which define the

Derived units are the preferred units for other quantities in the system, which may be defined by

In some application areas, conventional units are used, which may be converted to the preferred units using
a scaling factor or a formula which defines a re-scaling and offset. The set of preferred units for all physical

quantity type
16.2.2 Usin

Unit definitio
A dictionary {

16.2.3 unitC

The element]
schema as fq

unit definitions

ns are substitutable for the gm1:Definition element declared as part of the dictionary n
hat contains only unit definitions and references to unit definitions is a units dictijonary.

fMeasure, UnitOfMeasureType

gml:unitOfMeasure is a property element to refer to a unit of ‘measure. It is declared
llows:

<element name="unitOfMeasure" type="gml:UnitOfMeasureType"/>

<complg
<sequ
<attrib
</compl

xType name="UnitOfMeasureType">

ence/>

Lite name="uom" type="gml:Uomldentifier" use="requireqd"/>
exType>

This is an enppty element which carries a reference tosalunit of measure definition (see 8.2.3.6).

EXAMPLE
<unitOf
<unitOf

16.2.4 Unit@

A gml:Uniy

units for whi

follows:

<element

This element may appear in a data instance as follows:

leasure uom="m"/>

Measure uom="http://my.stapdards.org/units/length/metre"/>
Jefinition, UnitDefinitionType

Definition_i§ @ general definition of a unit of measure. This generic element is used on

namez="UnitDefinition" type="gml:UnitDefinitionType" substitutionGroup="gml:Definition"/>

odel.

n the

ly for

Ch no relationship with other units or units systems is known. It is declared in the schenpa as

<comple

Type name="UnitDefinitionType">

<complexContent>

<extension base="gml:DefinitionType">
<sequence>
<element ref="gml:quantityType" minOccurs="0"/>
<element ref="gml:quantityTypeReference" minOccurs="0"/>
<element ref="gml:catalogSymbol" minOccurs="0"/>
</sequence>
</extension>

</complexContent>
</complexType>

The content model of gml:UnitDefinition adds three additional properties to gml:Definition
(described in 15.2.1), gml : quantityType, gml :quantityTypeReference and gml:catalogSymbol.
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The gml:catalogSymbol property optionally gives the short symbol used for this unit. This element is
usually used when the relationship of this unit to other units or units systems is unknown.

16.2.5 quantityType, quantityTypeReference

The gml:quantityType and gml:quantityTypeReference properties indicate the phenomenon to
which the units apply. They are declared as follows:

<element name="quantityType" type="gml:StringOrRefType"/>

<element name="quantityTypeReference" type="gml:ReferenceType"/>

This
or ob

EXANM

blement contains an informal description of the phenomenon or type of physical quantity,that
served.

PLE "length”, "angle", "time", "pressure", or "temperature".

When the physical quantity is the result of an observation or measurement, this tefm is known a

type

The
gml

16.2.

The ¢

The

Dr measurand.

use of gml:quantityType for vreferences to rémote values s

dquantityTypeReference shall be used instead.

b catalogSymbol
atalogSymbol is the preferred lexical symbol used for this unit of measure. It is declared as {
<element name="catalogSymbol" type="gml:CodeTypg'/>

odeSpace attribute in gm1 : CodeType identifies a namespace for the catalog symbol valy

refergnce the external catalog. The stringwalue in gml:CodeType contains the value of g

shou
could

EXAN
16.2.
A ba

systel
Kelvi

d be unique within this catalog namespace. This symbol often appears explicitly in the g
be a combination of symbols using 'a‘specified algebra of units.

PLE The symbol "cm" mightiindicate that it is the "m" symbol combined with the "c" prefix.

7 BaseUnit, BaseUnitType, unitsSystem

be unit is a unit of measure that cannot be derived by combination of other base units withi

is measured

S observable

deprecated.

ollows:

e, and might
symbol that
atalog, but it

N a particular

m of units. For example, in the Sl system of units, the base units are metre, kilogram, second, Ampere,

N, mole, and~candela, for the physical quantity types length, mass, time interval, ele

thermpodynamic temperature, amount of substance and luminous intensity, respectively.

This

s supported using the gml : BaseUnit element which is declared as follows:

ctric current,

element name="BaseUnit" type="gml:BaseUnitType" substitutionGroup="gml:UnitDefinition"/>

<complexType name="BaseUnitType">

<complexContent>
<extension base="gml:UnitDefinitionType">
<sequence>
<element name="unitsSystem" type="gml:ReferenceType"/>
</sequence>
</extension>
</complexContent>

</complexType>

gml :BaseUnit extends generic gml:UnitDefinition with the property gml:unitsSystem, which
carries a reference to the units system to which this base unit is asserted to belong.
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16.2.8 DerivedUnit, DerivedUnitType

Derived units are defined by combination of other units. Derived units are used for quantities other than those
corresponding to the base units, such as hertz (s™') for frequency, Newton (kg.m/s?) for force. Derived units
based directly on base units are usually preferred for quantities other than the fundamental quantities within a
system. If a derived unit is not the preferred unit, the gml : ConventionalUnit element (see 16.2.10) should
be used instead. The gml : DerivedUnit element is declared as follows:

<element name="DerivedUnit" type="gml:DerivedUnitType" substitutionGroup="gml:UnitDefinition"/>

<complexType name="DerivedUnitType">
<compl¢xContent>
<extension base="gml:UnitDefinitionType">
<seqyience>
<elgment ref="gml:derivationUnitTerm" maxOccurs="unbounded"/>
</sequence>
</extempsion>
</complexContent>
</compleixType>

The gml :DefrivedUnit extends gml:UnitDefinition with the property gmliderivationUnitTerfus.

16.2.9 derivationUnitTerms, DerivationUnitTermType

A setof gmltderivationUnitTerm elements describes a derivedcunit of measure. Each element carrigs an
integer expohent. The terms are combined by raising each referenced unit to the power of its exponent and
forming the groduct. The element gm1 :derivationUnitTermds declared as follows:

<element name="derivationUnitTerm" type="gml:DerivationUnitTermType"/>

<complg¢xType name="DerivationUnitTermType">
<complexContent>
<extgnsion base="gml:UnitOfMeasureType">
<attfibute name="exponent" type="integert/>
</extgnsion>
</complexContent>
</complexType>

This unit term references another dnit ‘of measure (uom) and provides an integer exponent applied to thgt unit
in defining the compound unit. The exponent may be positive or negative, but not zero.

16.2.10 ConyentionalUnit,,ConventionalUnitType

Conventiona| units that/are neither base units nor defined by direct combination of base units are used in
many application demains. For example electronVolt for energy, feet and nautical miles for length. In|most
cases there Is @ known, usually linear, conversion to a preferred unit which is either a base unit or derived by

direct combinatien of base units. The gml : ConventionalUnit elementis declared as follows:

<element name="ConventionalUnit" type="gml:ConventionalUnitType" substitutionGroup="gml:UnitDefinition"/>

<complexType name="ConventionalUnitType">
<complexContent>
<extension base="gml:UnitDefinitionType">
<sequence>
<choice>
<element ref="gml:conversionToPreferredUnit"/>
<element ref="gml:roughConversionToPreferredUnit"/>
</choice>
<element ref="gml:derivationUnitTerm" minOccurs="0" maxOccurs="unbounded"/>
</sequence>
</extension>
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</complexContent>
</complexType>

The gml:ConventionalUnit extends gml:UnitDefinition with a property that describes a conversion
to a preferred unit for this physical quantity. When the conversion is exact, the element
gml:conversionToPreferredUnit should be used, or when the conversion is not exact the element
gml:roughConversionToPreferredUnit is available. Both of these elements have the same content
model. The gml:derivationUnitTerm property defined above is included to allow a user to optionally
record how this unit may be derived from other ("more primitive") units.

16.2.11 conversionToPreferredUnit, roughConversionToPreferredUnit,

ConyersionToPreferredtUnitType, FormutaType

The |elements gml:conversionToPreferredUnit and gml:roughConversionTePreferredUnit
represent parameters used to convert conventional units to preferred units for this physical quantity type. A
prefefred unit is either a Base Unit or a Derived Unit that is selected for all values of ohe physicalquantity type.
Thesk conversions are declared in the schema as follows:

<element name="conversionToPreferredUnit" type="gml:ConversionToPreferredUnitType"/>
<element name="roughConversionToPreferredUnit" type="gml:ConversionToPreferredUnitType"/>

<complexType name="ConversionToPreferredUnitType">
<complexContent>
<extension base="gml:UnitOfMeasureType">
<choice>
<element name="factor" type="double"/>
<element name="formula" type="gml:FormulaType!/>
</choice>
</extension>
</complexContent>
</complexType>

The inherited attribute uom references the (preferred unit that this conversion applies to. The copversion of a
unit tp the preferred unit for this physical quantity type is specified by an arithmetic conversion (scaling and/or
offsef). The content model extends gm]l : UnitOfMeasureType, Which has a mandatory attribuje uom which
identffies the preferred unit for the~physical quantity type that this conversion applies to. The ¢onversion is
specified by a choice of

— ¢ml: factor, which/defines the scale factor, or
— ¢ml: formula,“which defines a formula

by which a value‘using the conventional unit of measure can be converted to obtain the corresponding value
using the preferfed unit of measure. The model for the formula is given as follows:

fcomplexType name="FormulaType">

SEYUCTILE

<element name="a" type="double" minOccurs="0"/>

<element name="b" type="double"/>

<element name="c" type="double"/>

<element name="d" type="double" minOccurs="0"/>
</sequence>

</complexType>

This formula defines the parameters of a simple formula by which a value using the conventional unit of
measure can be converted to the corresponding value using the preferred unit of measure. The formula
element contains elements a, b, ¢ and d, whose values use the XML Schema type double. These values are
used in the formula y = (a + bx) / (c + dx), where x is a value using this unit, and y is the corresponding value
using the base unit. The elements a and d are optional, and if values are not provided, those parameters are
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considered to be zero. If values are not provided for both a and d, the formula is equivalent to a fraction with
numerator and denominator parameters.

16.2.12 Example of units dictionary <informative>

This dictionary contains definitions corresponding to all the base and derived units defined by in the Sl system [SI], plus a
selection of conventional units to illustrate the usage of these components.

<gml:Dictionary gml:id="unitsDictionary">
<gml:description>A dictionary of units of measure</gml:description>
<gml:identifier codeSpace="http://www.opengeospatial.org/initiatives/?iid=79">0OWS-1.2 Units</gml:identifier>
<gml:dictiongryEntry>
<gml:Dictiopary gml:id="SIBaseUnits">
<gml:descfiption>The Base Units from the S| units system.</gml:description>
<gml:identjfier codeSpace="http://www.opengeospatial.org/initiatives/?iid=79">0OWS-1.2 S| Base Units</gmlidentifier>
<gml:dictignaryEntry>
<gml:BagdeUnit gml:id="m">
<gml:description>The metre is the length of the path travelled by light in vacuum during a timeinterval of 1/299 792
458 of a second.</gml:description>
<gml:id¢ntifier codeSpace="http://www.bipm.fr/en/3_SI/base_units.html">metre</gml:identifier>
<gml:ngme xml:lang="en/US">meter</gml:name>
ntityType>length</gml:quantity Type>
<gml:catalogSymbol codeSpace="http://www.bipm.fr/en/3_Sl/base_units.html">m</gml:catalogSymbol>
<gml:unjitsSystem xlink:href="http://www.bipm.fr/en/3_SI"/>
</gml:BageUnit>
</gml:dictipnaryEntry>
<. ->
</gml:Dictignary>
</gml:dictiongryEntry>
<gml:dictiongryEntry>
<gml:Dictiopary gml:id="SIDerivedUnits">
<gml:descfiption>The Derived Units from the Sl units system.Fhiese are all derived as a product of S| Base Unitg,

<gml:catalogSymbol codeSpace="http://www.bipm.fr/en/3_SI">rad</gml:catalogSymbol>
<gml:derivationUnitTerm uom="#m"exponent="1"/>
<gml:derivationUnitTerm uom="#m} exponent="-1"/>
</gml:DefivedUnit>
</gml:dictipnaryEntry>
<l >
</gml:Dictignary>
</gml:dictiongryEntry>
<gml:dictiongryEntry>
<gml:Dictiopary gmkid="ConventionalUnitsDictionary">
<gml:descfiption>A collection of Conventional Units. These are units of measure which are either widely used or
important with|n*a_specific community. For most of these there is
1. a known derivation from more primitive units, which may or may not be Sl Base Units, or
2. a known conversion to a preferred unit, which may or may not be an S| Base or Derived unit, through rescaling and
offset,
or both.</gml:description>
<gml:identifier codeSpace="http://www.opengeospatial.org/initiatives/?iid=79">0OWS-1.2 Conventional
units.</gml:identifier>
<gml:dictionaryEntry>
<gml:DerivedUnit gml:id="m3">
<gml:identifier codeSpace="http://www.opengeospatial.org/initiatives/?iid=79">cubic metre</gml:identifier>
<gml:quantityType>Volume</gml:quantity Type>
<gml:derivationUnitTerm uom="#m" exponent="3"/>
</gml:DerivedUnit>
</gml:dictionaryEntry>
<gml:dictionaryEntry>
<gml:ConventionalUnit gml:id="]">
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<gml:identifier codeSpace="http://www.opengeospatial.org/initiatives/?iid=79">litre</gml:identifier>
<gml:quantityType>Volume</gml:quantityType>
<gml:conversionToPreferredUnit uom="#m3">
<gml:factor>0.001</gml:factor>
</gml:conversionToPreferredUnit>

</gml:ConventionalUnit>
</gml:dictionaryEntry>

<!

</gml:Dictionary>
</gml:dictionaryEntry>

</gml
16.3

16.3.

gml
seto
Sche
attrib
valusg
data

NOTH
(using

16.3.

This

See 8.2.3.6 for the definition of gm1 :MeasureType.

16.3.

A se
proto|

:Dictionary>

1 Overview

ma simple type “double” which supports both decimal and scientific notation, and inclu
Lite “uom” which refers to the units of measure for the value. Note that, there is no require

s using any particular format, and applications receiving elements of this type may choose
0 any other type as convenient.
The schema document for specific measure types is identified )by the following location-inde
URN syntax):
urn:x-ogc:specification:gml:schema-xsd:measures:3.2.1
P measure
s the value of a physical quantity, together with its units. It is declared as follows:

<element name="measure" type="gml:MeasureType"/>

B Scalar measure types

of specific measure. types are defined as vacuous extensions (i.e. aliases) of gml :Mea{
typical definition is.as-follows:

<complexType hame="LengthType">
<simpleContent>
<extension base="gml:MeasureType"/>
</simpleContent>
</camplexType>

:[MeasureType is defined in the basicTypes schema. The measure types defined’here corrdspond with a
convenience measure types described in ISO/TS 19103. The XML implementation is baseEon the XML

es an XML
ent to store
o coerce the

bendent name

ureType. A

This bUntUllt IIIUdU: euppui’to thc dUOUI;pt;UII Uf d :Ullyth (UI d;OtGIIUU) \;qullt;ty, vv;th ;to ull;te. The Unit of
measure referenced by uom shall be suitable for a length, such as metres or feet.

The other measure types that are defined following this pattern are: gml:ScaleType,
gml:GridLengthType, gml:AreaType, gml:VolumeType, gml:SpeedType, gml:TimeType, and
gml:AngleType .

EXAMPLE Elements using these content models might appear in a data instance as follows:

<my:length uom="m">1.76</my:length>

<my:scale uom="#percent">20.</my:scale>

<my:gridLength uom="#pixelSpacing">480</my:gridLength>
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<my:gridLength uom="#imageHeight">0.00208333333333</my:gridLength>

<my:area uom="#ha">1.76</my:area>

<my:volume u
<my:speed uo
<gml:angle uo
<my:time uom

NOTE
gml:Abstra

16.3.4 angle

The gml:an
units. It is de

<element name="angle" type="gml:AngleType"/>

16.4 Value

16.4.1 Intro

The elemer
gml:Abstrd
gml :Measul
gml :Booled

Of particular
These are th
of content m
which may h
prescribe th
classification

NOTE1  TH
is identified by

ur|

NOTE 2  Th
are in general

om="">0.45</my:volume>
m="#kmph">73.0</my:speed>
m="#gradians">95.</gml:angle>

="#minutes">30.</my:time>

Note that the last element in the example addresses the same functional requirements as the elements in the

tTimeLength substitution group, defined in Clause 14.

y1le property element is used to record the value of an angle quantity as a single aumber, w
Clared as follows:

objects schema
Huction
ts declared in this clause build on other GML "~ schema components, in part

ctTimeObject, gml:AbstractGeometry, and-the following types: gml:Measure]
eListType, gml:CodeType, gml:CodeOrNilReasonList]
nOrNilReasonListType, gml:IntegerOxlNilReasonList.

interest are elements that are the heads of substitution groups, and one named choice ¢
e primary reasons for the value objects'schema, since they may act as variables in the defi
bdels, such as Observations, when-itis desired to permit alternative value types to occur so

actual value type in advance. The members of the groups include quantities, cat
boolean, count, temporal(and spatial values, and aggregates of these.

B
S!

e schema document valleObjects.xsd describing the components for generic values is listed in Anng
the following location“independent name (using URN syntax):

n:x-ogc:specification:gml:schema-xsd:valueObjects:3.2.1

not derived'from gm1 : AbstractGMLType and they do not carry an identifier.

16.4.2 Valuef element hierarchy

th its

cular
ype,
ype,

roup.
hition
me of

ave complex content such as arrays, geometry and time objects, and where it is useful not to

egory

X C. It

e elements~declared in this schema are used for the direct representation of values. Their content njodels

The value objects are defined in a hierarchy. The conceptual model is shown in D.3.15.

The following relationships are defined:

for the a

Concrete

bstract element gml : AbstractScalarvValue.

elements gml:QuantityList, gml:CategoryList, gml:CountList

gml:BooleanList are substitutable for the abstract element gm1 :AbstractScalarValuelist.

172

Concrete elements gml:Quantity, gml:Category, gml:Count and gml:Boolean are substitutable

and

Concrete element gml : ValueArray is substitutable for the concrete element gm1 : Compositevalue.
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16.4.3 Boolean, BooleanList

For

elements use the following schema declarations:

gml:
EXAMPLE In an instance the following examples may be found:
<gml:Boolean>1</gml:Boolean>

<gml:Boolean>false</gml:Boolean>

<gml:Boolean xsi:nil="true”_nilReason="missing”/>

<gml:BooleanList>3,missing 0 1 1 http://my.big.org/explanations/theDogAtelt 0 1</gml:BooleanList>

ISO 19136:2007(E)

Abstract elements gml:AbstractScalarValue and gml:AbstractScalarValuelList, and
concrete elements gml:CompositeValue, gml:ValueExtent, gml:CategoryExtent,
gml:CountExtent and gml:QuantityExtent are substitutable for abstract element
gml:AbstractValue.

Abstract elements gml : AbstractvValue, gml:AbstractTimeObject and gml :AbstractGeometry,
and concrete element gml :Null (deprecated) are all in a choice group named gml:Value, which is
used for compositing in gm1 : CompositeValue and gml :ValueExtent.

Schemas which need values may use the abstract element gm1 : Abstractvalue in a content model in
qrder to permit any aof the aml :AbhstractScalarvValues gml:AbstractScalarValuelists,

ml:CompositeValue Or gml:ValueExtent to occur in an instance, or the named groupg gml : Value
fo also permit gml:AbstractTimeObjects, gml:AbstractGeometrys, @hd | gml:Nulls
deprecated).

recording a value or list of values from two-valued logic, using the XML Schema boolean type; these

felement name="Boolean" substitutionGroup="gml:AbstractScalarValue” nillable="true">
<complexType>
<simpleContent>
<extension base="boolean">
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
</complexType>
%/element>
felement name="BooleanList" type="gml:boolean©:NilReasonList"
gubstitutionGroup="gml:AbstractScalarValueList'/>

booleanOrNilReasonList is deseribed in 8.2.4.1.

NOTH These examples illustrate the use of the various Boolean values {1, 0, true, false} and als¢ the fact that

nilReason,values such as “missing” or a URI may be embedded within a list.

16.4.4Category, CategoryList

For recording terms representing a classification. These elements use the following schema declarations:

<element name="Category" substitutionGroup="gml:AbstractScalarValue" nillable="true">
<complexType>
<simpleContent>
<extension base="gml:CodeType">
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
</complexType>
</element>
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<element name="CategoryList" type="gml:CodeOrNilReasonListType"
substitutionGroup="gml:AbstractScalarValueList"/>

A gml:Category has an optional XML attribute codeSpace, whose value is a URI which identifies a
dictionary, codelist or authority for the term.

EXAMPLE

In an instance the following examples may be found:

<gml:Category>good</gml:Category>

<gml:Category xsi:nil="true” nilReason="missing”/>

<gml:Category
<gml:Category

<gml:Category
gml:Categorylj

16.4.5 Coun

For recordin
declarations:

<element

<complexType>

</co

</elemen

<element
EXAMPLE

<gml:Count>5

<gml:Count xs

<gml:CountLis

16.4.6 Quar

For recording numericvalues with a scale. The content of the element is an amount using the XML Scl

type double
declarations:

codeSpace="http-//my.big.org/dictionaries/focktypes >Syenite7gmi-category>
List codeSpace="http://my.big.org/dictionaries/rocktypes">Syenite Granite missing Tuff</gml:Category

List codeSpace="http://my.big.org/species“>bettong numbat phasogale wallaby possum</
ist>

t, CountList

g integers representing a rate of occurrence. These elements¢use the following sc

name="Count" substitutionGroup="gml:AbstractScalarValue" nillabie=*true">
<simpleContent>
<extension base="integer">
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
mplexType>
t>
name="CountList" type="gml:integerOrNilReasonList" substitutionGroup="gml:AbstractScalarValueLig
In an instance the following examples may be found:
13</gml:Count>
i:nil="true” nilReason="missing"’/>

t>34 56 2 inapplicable/153</gml:CountList>

tity, QuantityList

whiche-permits decimal or scientific notation. These elements use the following sc

List>

nema

tll/>

nema
hema

HTPN

<elemen

([P PR ] o i od: o n LA lat Wal o) [l n 1 Ny 1}
are= "Wudittity  SUUSUULIVITOTOUpP= ylTi.Austatlotldlal valuc  Thhavic= uuc

<complexType>

</co
</elemen

<simpleContent>
<extension base="gml:MeasureType">
<attribute name="nilReason" type="gml:NilReasonType"/>
</extension>
</simpleContent>
mplexType>
t>

<element name="QuantityList" type="gml:MeasureOrNilReasonListType"
substitutionGroup="gml:AbstractScalarValueList"/>
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An XML attribute uom (“unit of measure”) is required, whose value is a URI which identifies the definition of a
ratio scale or units by which the numeric value shall be multiplied, or an interval or position scale on which the
value occurs.

EXAMPLE

In an instance the following examples may be found:

<gml:Quantity uom="m">4.32e-4</gml:Quantity>

<gml:Quantity xsi:nil="true” nilReason="withheld"/>

<gml:QuantityList uom="#C">21. 37. withheld 25.</gml:QuantityList>

16.4.f AbstractValue, AbstractScalarValue, AbstractScalarValueList
gml :|AbstractValue is an abstract element which acts as the head of a substitution group which contains
gml:AbstractScalarValue, gml:AbstractScalarValuelist, gml:CompositeValue and
gnl:[ValueExtent, and (transitively) the elements in their substitution groups.
gml:|AbstractScalarValue is an abstract element which acts as the head\of a substitution|group which
contgdins gml :Boolean, gml :Category, gml:Count and gml : Quantityyand (transitively) the elements in
their pubstitution groups.
gml:AbstractScalarValueList is an abstract element which(acts as the head of a subsfitution group
which contains gml:BooleanList, gml:CategoryList, gml ®€ountList and gml:QuantifyList, and
(trangitively) the elements in their substitution groups.
Thesg elements use the following schema declarations:

felement name="AbstractValue" type="anyType" abstract="true" substitutionGroup="gml:AbstractObje¢t"/>

felement name="AbstractScalarValue" type="anyType" abstract="true" substitutionGroup="gml:Abstra¢tValue"/>

felement name="AbstractScalarValueList"type="anyType" abstract="true" substitutionGroup="gml:AbdtractValue"/>
Thesp elements may be used in an application schema as variables, so that in an XML instanpe document
any member of its substitution group.:may occur.
16.4.B Value
This [is a convenience-choice group which unifies generic values defined in this clause with) spatial and
temppral objects and“the measures described above, so that any of these may be used within aggregate
valugs. This element-Uses the following schema declaration:

<grgup name="Value">
<choice>
<glement ref="gml:AbstractValue"/>
<glement ref="gml:AbstractGeometry"/>

<element ref="gml:AbstractTimeObject"/>
<element ref="gmi:Null"/>

</c

hoice>

</group>

16.4.9 valueProperty, valueComponent, valueComponents

Elements that instantiates a GML property which refers to, or contains, a Value or Values; these elements use
the following schema declarations:

<element name="valueProperty" type="gml:ValuePropertyType"/>

<element name="valueComponent" type="gml:ValuePropertyType"/>

©I1SO
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<complexType name="ValuePropertyType">
<sequence minOccurs="0">
<group ref="gml:Value"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexTyp

e>

<element name="valueComponents" type="gml:ValueArrayProperty Type"/>

<complexType name="ValueArrayPropertyType">
<sequence maxOccurs="unbounded">
<group ref="gml:Value" />

</sequen

<attributg
</complexTyp

Note that bg
gml:Value
substitution g

The gml:va
and gml:va

16.4.10 Com

gml:Compo{
of gml:vali
used for strg
uses the follg

ce>
Group ref="gml:OwnershipAttributeGroup"/>

b>
th gml:ValuePropertyType and gml:ValueArrayPropertyType have the-group n

as their content. This means that any of the elements in the gm1:vValue choice group, or
roups of the members of the choice group may occur as the content of a value property.

[ ueComponents elements are specifically used in compositing.

positeValue

eComponent elements, and zero or one gml : valudComponents property elements. It m

wing schema declarations:

<element nafne="CompositeValue" type="gml:CompositeValueType" substitutionGroup="gml:AbstractValue"/>

<complexTyy
<complexC
<extensior
<sequen

e name="CompositeValueType">
bntent>
base="gml:AbstractGMLType">
e>

<eleme
<eleme
</seque
<attribut
</extensio
</complex
</complexTy|

EXAMPLE

<gml:Compos
<gml:valueC
<gml:Quan

</gml:valueC

t ref="gml:valueComponent" min®ccurs="0" maxOccurs="unbounded"/>
t ref="gml:valueComponents" minOccurs="0"/>
e>
Group ref="gml:AggregationAttributeGroup"/>
>
ontent>
e>

In an instance a gm1 : CompositeValue may appear as in the following examples:

teValue>
mponent>

omponent>

<gml:valueComponent>
<gml:Category>good</gml:Category>

</gml:valueC

omponent>

<gml:valueComponent>

<gml:Count
</gml:valueC

xsi:nil="true” nilReason="missing"/>
omponent>

<gml:valueComponents>
<gml:Point srsName="urn:x-ogc:def:crs:EPSG:6.6:4326"><gml:pos>71. -32.</gml:pos></gml:Point>
<gml:Point srsName="urn:x-ogc:def:crs:EPSG:6.6:4326"><gml:pos>70. -35.</gml:pos></gml:Point>
<gml:Point srsName="urn:x-ogc:def:crs:EPSG:6.6:4326"><gml:pos>74. -37.</gml:pos></gml:Point>

</gml:valueC
</gml:Compos

176

omponents>
iteValue>

lueProperty element is a convenience element for general use. The-gml : valueCompo

iteValue is an aggregate value built from other values It contains zero or an arbitrary ny

ngly coupled aggregates (vectors, tensors) or for\arbitrary collections of values. This elq

hmed
n the

nent

mber

ay be
ment
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<gml:CompositeValue>
<gml:valueComponents>
<gml:Point srsName="urn:x-ogc:def:crs:EPSG:6.6:4326"><gml:pos>-67.563 -13.834</gml:pos></gml:Point>
<gml:Quantity uom="#km">632.</gml:Quantity>
<gml:Timelnstant><gml:timePosition>1994-06-09T00:33:16.4</gml:timePosition></gml:Timelnstant>
<gml:Quantity uom="#mom">-1.00</gml:Quantity>
<gml:Quantity uom="#mom">0.92</gml:Quantity>
<gml:Quantity uom="#mom">0.09</gml:Quantity>
<gml:Quantity uom="#mom">-1.69</gml:Quantity
<gml:Quantity uom="#mom">-0.09</gml:Quantity>
<gml:Quantity uom="#mom">-0.37</gml:Quantity>
</gml:valueComponents>
</gml:CompositeValue>

16.4.11 ValueArray
A Value Array is used for homogeneous arrays of primitive and aggregate values.

The member values may be scalars, composites, arrays or lists. This element uses the folloyving schema
decldrations:

felement name="ValueArray" type="gml:ValueArrayType" substitutionGroupz"gml:CompositeValue"/>

¥sch:schema xmins:sch="http://purl.oclc.org/dsdl/schematron" xmiIns:gml="http://www.opengis.net/gml|/3.2"
mins:xlink="http://www.w3.0rg/1999/xlink" xml:lang="en">
<sch:title>Schematron constraints for GML / ISO 19136</sch:title>
<sch:ns prefix="sch" uri="http://purl.oclc.org/dsdl/schematron"/>
<sch:ns prefix="gml" uri="http://www.opengis.net/gml/3.2"/>
<sch:pattern>
<sch:rule context="gml:ValueArray">
<sch:assert test="not(@codeSpace and@uom)">ValueArray may not carry both a reference to a
g¢odeSpace and a uom</sch:assert>
</sch:rule>
</sch:pattern>
<sch:pattern>
<sch:rule context="gml:ValueArray">
<sch:assert test="count(gml:valueComponent/*) = count(gml:valueComponent/*[name()
name(../../,gml:valueComponent[1]/[1])])">All components shall be of the same type</sch:assert>
<sch:assert test="count(gml:valueComponents/*) = count(gml:valueComponents/*[nam¢g() =
name(../*[1])])">All components.shall be of the same type</sch:assert>
</sch:rule>
</sch:pattern>
¥/sch:schema>

fcomplexType name="ValueArrayType">
<complexContent>
<extension base="gml:CompositeValueType">
<attributeGroup ref="gml:referenceSystem"/>
</extension>
</cemplexContent>
{¥/complexType>

<attributeGroup name="referenceSystem">
<attribute name="codeSpace" type="anyURI" />
<attribute name="uom" type="gml:Uomldentifier" />
</attributeGroup>

ValueArray has the same content model as CompositeValue, but the member values shall be homogeneous.
The element declaration contains a Schematron constraint which expresses this restriction precisely. Since
the members are homogeneous, the gml : referenceSystem (uom, codeSpace) may be specified on the
gml:ValueArray itself and inherited by all the members if desired.

EXAMPLE 1 The gml:ValueArray element may appear in instances as follows. In the first example a set of points
are each the value of a gml:valueComponent property. One of the values is provided by-reference, using the standard
xlink:href syntax:
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<gml:ValueArray>
<gml:valueComponent>
<gml:Point srsName="urn:x-ogc:def:crs:EPSG:6.6:63266405">
<gml:pos>-32. 71.</gml:pos>
</gml:Point>
</gml:valueComponent>
<gml:valueComponent>
<gml:Point srsName="urn:x-ogc:def:crs:EPSG:6.6:63266405">
<gml:pos>-35. 70.</gml:pos>
</gml:Point>
</gml:valueComponent>
<gml:valueComponent xlink:href="http://my.big.org/locations/points/point456"/>
</gml:ValueArray>

EXAMPLE 2 In the second example a set of quantities are contained within a gml : valueComponents property.

of the values i§ not available, indicated by a nil value:

<gml:ValueArjay>
<gml:valueCpmponents>
<gml:Quantjity uom="#C">21.</gml:Quantity>
<gml:Quantjty uom="#C">37.</gml:Quantity>
<gml:Quantjty xsi:nil="true" nilReason="missing”/>
</gml:valueJomponents>
</gml:ValueArray>

EXAMPLE 3 Note that a gml : AbstractScalarValueList is usually preferred/for arrays of scalar values sin
is a more efficlent encoding. The information in the previous example may be expressed:

<gml:Quantity}.ist uom="#C">21. 37. missing</gml:QuantityList>

However, if th¢ values of the components are not scalars, then the explicit form is required.

16.4.12 Typped ValueExtents: CategoryExtent, CountExtent, QuantityExtent

Three elemgnts are provided for typed value extents, for categories, counts and quantities. Their cd
models are defined by restricting the relevant scalar list types to contain exactly two items as follows:

<element name="CategoryExtent" type="gml:CategoryExtentType" substitutionGroup="gml:AbstractValue"/>

<complexTyge name="CategoryExtentType">
<simpleContent>

<restriction base="gml:CodeOrNilReasonListType">
lue="2"/>

</simpleContent>
</complexType>

<element nafne="CountExtent" type="gml:CountExtentType" substitutionGroup="gml:AbstractValue"/>

<simpleType|name="CountExtentType">

<restriction UGDU—"UI it IthUI OrNitReasontist"
<length value="2"/>
</restriction>
</simpleType>

<element name="QuantityExtent" type="gml:QuantityExtentType" substitutionGroup="gml:AbstractValue"/>

<complexType name="QuantityExtentType">
<simpleContent>
<restriction base="gml:MeasureOrNilReasonListType">
<length value="2"/>
</restriction>
</simpleContent>
</complexType>

One

e this

ntent
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A gml:QuantityExtent element or another element using this type will contain two values and a scale.

EXAMPLE 1 <gml:QuantityExtent uom="#mm”>0. 9.5</gml:QuantityExtent>

An element of gm1 :CategoryExtentType is useful if the codeSpace defines a set of ordered terms.

EXAMPLE 2 <my:AgeRange codeSpace="http://iugg.org/geologicalPeriods”>Cambrian Devonian</my:A

geRange>

Any value extent may describe a single-ended interval by using a NilReason value for one of the limits.

EXAMPLE 3

<gml:CountExtent>53 inapplicable</gml:CountExtent> describes the integers starting with 53.

16.4.|13 BooleanPropertyType, CategoryPropertyType, CountPropertyType, QuantityPropeIIlyType

A
gml
spec

pattern, as exemplified by the definition of gm1 :BooleanPropertyType:

<complexType name="BooleanPropertyType">
<gequence minOccurs="0">

<

17 GML schema — Directions

171

The

element to describe direction, and associated objects that may be used to express orientati
head|ng, bearing or other directional aspects of geographic features.

NOTH The corresponding schema\document is identified by the following location-independent nam
syntax):

17.2] direction, DirectionPropertyType

The

featufes defined’in a GML application schema. It is declared as follows:

:[CountPropertyType, gml:QuantityPropertyType) are provided for properties whose

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

et of  convenience  types (gml:BooleanPropertyType, gml:CategofyPro

fic member of the gml :AbstractScalarValue substitution group. Their definitions foll

<element ref="gml:Boolean"/>
sequence>

Direction schema

lirection schema components provide‘the GML application schema developer with a stang

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

property gml:direction is intended as a predefined property expressing a direction to bg

felement name="direction" type="gml:DirectionPropertyType"/>

pertyType,
content is a
pw the same

ard property
bn, direction,

e (using URN

assigned to

<complexType name="DirectionPropertyType">
<sequence minOccurs="0">
<choice>
<element name="DirectionVector" type="gml:DirectionVectorType"/>
<element name="DirectionDescription" type="gml:DirectionDescriptionType"/>
<element name="CompassPoint" type="gml:CompassPointEnumeration"/>
<element name="DirectionKeyword" type="gml:CodeType'/>
<element name="DirectionString" type="gml:StringOrRefType"/>
</choice>
</sequence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>
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The two alternative kinds of direction specifications, a vector or a description, are specified in the following
subclauses.

17.3 DirectionVectorType

Direction vectors are specified by providing components of a vector as follows:

<complexType name="DirectionVectorType">
<choice>
<element ref="gml:vector"/>
<sequence>
<element =" 9
<elemeny name="verticalAngle" type="gml:Angle Type"/>
</sequence>
</choice>
</complexType>

nialAnale” tvne="aml-Anale Tvine'/>
* J I

The gml :veftor element is described in 10.1.4.5.

EXAMPLE This form may appear in a data instance as follows:

<gml:directionp
<gml:DirectignVector>

<gml:vector|srsName="#wgs84">0.0 45.0</gml:vector>
</gml:DirectipnVector>

</gml:direction>

The use of the alternative representation via angles has been deprécated, gml.vector shall be used insteqd.

17.4 DirectionDescriptionType

Direction degcriptions are specified by a compass point code, a keyword, a textual description or a refefence
to a descriptipn. The gml : DirectionDescriptiohType element is declared as follows:

<complexType name="DirectionDescriptionType">
<choice>
<element pame="compassPoint" type="gmfEompassPointEnumeration"/>
<element pame="keyword" type="gml:GodeType"/>
<element pame="description" type="string"/>
<element pame="reference" type="gml:ReferenceType"/>
</choice>
</complexType>

A gml : compassPoint is§pecified by a simple enumeration string type that is declared as follows:

<simpleType|name="CompassPointEnumeration">
<restriction pase="string">

<enumeration.value="N"/>
<enumeration value="NNE"/>
<enumeration value="NE"/>
<enumeration value="ENE"/>
<enumeration value="E"/>
<enumeration value="ESE"/>
<enumeration value="SE"/>
<enumeration value="SSE"/>
<enumeration value="S"/>
<enumeration value="SSW"/>
<enumeration value="SW"/>
<enumeration value="WSW"/>
<enumeration value="W"/>
<enumeration value="WNW"/>
<enumeration value="NW"/>
<enumeration value="NNW"/>
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</restriction>
</simpleType>

These directions are necessarily approximate, giving direction with a precision of 22.5°. It is thus generally
unnecessary to specify the reference frame, though this may be detailed in the definition of a GML application
language.

EXAMPLE 1 This form may appear in a data instance as follows:

<gml:direction>
<gml:DirectionDescription>
<gml:compassPoint>WNW</gml:compassPoint>
</gnfi-DirectionDescription>
</gmifdirection>

In adfition, the elements to contain text-based descriptions of direction are provided.

If the|direction is specified using a term from a list, gm1 : keyword should be used,-and the list inflicated using
the value of the codeSpace attribute.

EXAMPLE 2 This form may appear in a data instance as follows:

<gml:firection>
<gmj:DirectionDescription>
<gmhl:keyword codeSpace="http://my.big.org/terms/direction">onshore</gml:keyword>
</gml:DirectionDescription>
</gmifdirection>

If thg direction is described in prose, gml:directionlor gml:reference should be used,|allowing the
valug to be included inline or by reference.

EXAMPLE 3 This form may appear in a data instance as follows:

<gml:firection>
<gmj:DirectionDescription>
<gml:direction>Towards the lighthouse</gml:direction>
</gml:DirectionDescription>
</gmifdirection>

<gml:fdirection>
<gmj:DirectionDescription>
<gml:reference xlink:href="http://my.big.org/logbook/20021127/paragraph6"/>
</gml:DirectionDescription>
</gmlidirection>

18 GML schema — Observations

18.1| Observations

A GML observation models the act of observing, often with a camera, a person or some form of instrument.
An observation feature describes the “metadata” associated with an information capture event, together with a
value for the result of the observation. This covers a broad range of cases, including tourist photos (not the
photo but the act of taking the photo).

NOTE This schema is primarily intended to serve for "simple" observations. Schemas for scientific, technical and
engineering observations and measurements will typically require the development of a GML application schema for such
observations. See, for example, the Observations and Measurements specification from the Open Geospatial Consortium.
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18.2 Observation schema

18.2.1 Overview
This clause describes two kinds of observations, gml : Observation and gml:DirectedObservation.

NOTE Observations are described in the schema document observations.xsd. The schema is identified by the
following location-independent name (using URN syntax):

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

18.2.2 Obsdrvation
The gml :Obgervation element is declared in the schema as follows:
<element nafne="Observation" type="gml:ObservationType" substitutionGroup="gml:AbstractFeaturel'/>

<complexTyge name="ObservationType">

<complexCopntent>
<extension base="gml:AbstractFeatureType">
<sequenge>
<element ref="gml:validTime"/>

<element ref="gml:using" minOccurs="0"/>
<element ref="gml:target" minOccurs="0"/>
<element ref="gml:resultOf"/>
</sequenice>
</extensiop>
</complexQontent>
</complexType>

The content
gml:ident]
properties.

The gml:va
Note that thig

EXAMPLE

<gml:Observa

model is a straightforward extension of guil : AbstractFeatureType; it automatically hg
| fier, gml:description, gml:descriptionReference, gml:name, and gml :bound

1idTime element is declared.in. 14.2.1.3. In this context it describes the time of the observ
may be a time instant or altime period.

Some examples of simple observations are as follows:

ion>

<gml:validTin
<gml:Timel

<gml:timefPosition>2002<11-12T09:12:00</gml:timePosition>
</gml:Timelnstant>
</gml:validTifne>
<gml:using xlink:href="http://www.my.org/sensors/thermometer4"/>

<gml:target

he>
stant>

ink:href="http://www.environment.org/stations/1456"/>

s the
cdBy

ation.

<gml:resultOf=
<gml:Quantity uom="#C">18.4</gml:Quantity>
</gml:resultOf>
</gml:Observation>

<gml:Observa

tion>

<gml:validTime>
<gml:Timelnstant>
<gml:timePosition>2002-11-12T09:12:00</gml:timePosition>
</gml:Timelnstant>

</gml:validTi
<gml:using X
<gml:subject

me>
link:href="http://www.my.org/cameras/leica2"/>
xlink:href="http://www.tourist.org/sights/mountain3"/>

<gml:resultOf xlink:href="http://www.my.org/photos/landscape1.jpg"/>
</gml:Observation>

182

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

<gml:Observation>
<gml:validTime>
<gml:Timelnstant>
<gml:timePosition>2002-10-25T11:37:25</gml:timePosition>
</gml:Timelnstant>
</gml:validTime>
<gml:subject xlink:href="http://www.people.org/kids/abby"/>
<gml:resultOf xlink:href="myDaughtersPortrait.jpg"/>
</gml:Observation>

18.2.3 using

The ¢ml : using property contains or references a description of a procedure (such as a cameéra) used for the
obsefvation. It is declared as follows:

<element name="using" type="gml:ProcedurePropertyType"/>

<cormplexType name="ProcedurePropertyType">
<sgquence minOccurs="0">
<¢lement ref="gml:AbstractFeature"/>
</spquence>
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<affributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

18.2.4 target

The ¢gml:target property contains or references the specimen, region or station which is the [object of the
obsefvation. This property element is declared in the schema as follows:

<element name="target" type="gml:TargetProperty Type"/>
<element name="subject" type="gml:TargetPropertyType" substitutionGroup="gml:target"/>

<complexType name="TargetProperty Type">
<choice minOccurs="0">
<¢lement ref="gml:AbstractFeature"/>
<g¢lement ref="gml:AbstractGeometry"/>
</choice>
<attributeGroup ref="gml:OwnershipAttribute Group"/>
<affributeGroup ref="gmlAssociationAttributeGroup"/>
</complexType>

This property is particularly useful for remote observations, such as photographs, where a generic location
property might apply to the location of the camera or the location of the field of view, and thus may be
ambiguous.

The [gmD:subject element is provided as a convenient synonym for gml:target. This|is the term
commonly used in photography.

NOTE gml:Observation does not contain a predefined location property. If the schema developer wishes to
specify a concrete location for the observation point (location of the sensor) would do so through a location property, e.g.
with a point as a value. In the case where the target has a known direction but unknown distance to the observation point
(remote sensing) gml:DirectedObservation should be used. Where the relative direction and distance are known,
gml:DirectedObservationAtDistance should be used.

EXAMPLE An application defined observation feature type with a location of the observation point could be specified
as

<element name="ObservationWithSensorLocation" type="app:ObservationWithSensorLocationType"
substitutionGroup="gml:Observation"/>
<complexType name="ObservationWithSensorLocationType">
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<complexContent>
<extension base="gml:ObservationType">
<sequence>
<element name="positionOfSensor" type="gml:PointPropertyType"/>
</sequence>
</extension>
</complexContent>
</complexType>

18.2.5 resultOf

The gml:resultOf property indicates the result of the observation. The value may be inline, or a reference
to a value elgewhere. It is declared in the schema as follows:

<element nafne="resultOf" type="gml:ResultType"/>

<complexTyge name="ResultType">
<sequence minOccurs="0">
<any nameéspace="##any"/>
</sequenc
<attributeGroup ref="gml:OwnershipAttributeGroup"/>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</complexType>

EXAMPLE A result property with a gml:DataBlock recording the observation of a temperature and a prgssure
measurement

<gn|:DataBlock>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="urn:x-si:v1999:tom:degreesC">template</Temperature>
<Pressure uom="urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositeValue>
</gml:rangeParameters>
<gml:tupleList>3,101.2</gml:tupleList>
</gml:DataBlock>

18.2.6 DiregtedObservation

A gml:DirpctedObservatieri)is the same as an observation except that it adds an additional
gml:direction property. Fhis is the direction in which the observation was acquired. Clearly this applies
only to certdin types of observation such as visual observations by people, or observations obtained| from
terrestrial caeras.

<element nafne="DirectedObservation" type="gml:DirectedObservationType"
substitutionGroup="gml:Observation"/>

<complexTypeTrane="DirectedObservationType">
<complexContent>
<extension base="gml:ObservationType">
<sequence>
<element ref="gml:direction"/>
</sequence>
</extension>
</complexContent>
</complexType>
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EXAMPLE:

<gml:DirectedObservation>
<gml:validTime>
<gml:Timelnstant>
<gml:timePosition>2002-11-12T09:12:00</gml:timePosition>
</gml:Timelnstant>
</gml:validTime>
<gml:using xlink:href="http://www.my.org/cameras/leica2"/>
<gml:target xlink:href="http://www.tourist.org/sights/mountain3"/>
<gml:resultOf xlink:href="http://www.my.org/photos/landscape1.jpg"/>
<gml:direction>
<gml:DirectionVector>

<gml:vector srsName="urn:x-ogc:def:crs:EPSG:6.3:4326">0.0 45.0</gml:vector>
</gml:DirectionVector>
</gnpl:direction>
</gml|DirectedObservation>

18.2.F DirectedObservationAtDistance

gml:|DirectedObservationAtDistance adds an additional distance property. This is the g
the opserver to the subject of the observation. Clearly this applies only to certain types of observ
visudl observations by people, or observations obtained from terrestrial cameras.

<element name="DirectedObservationAtDistance" type="gml:DirectedObservationAtDistanceType"
sybstitutionGroup="gml:DirectedObservation "/>

<complexType name="DirectedObservationAtDistanceType">

<cgmplexContent>
<gxtension base="gml:DirectedObservationType">
¥sequence>
<element name="distance" type="gml:MeasureType'/>
{/sequence>

</extension>

</cpmplexContent>

</complexType>

EXAMPLE:

<gml:PirectedObservationAtDistancé>
<gm|:validTime>
I:Timelnstant>

|:Timelnstant>

<gml:vector srsName="urn:x-ogc:def:crs:EPSG:6.3:4326">0.0 45.0</gml:vector>

istance from
ption such as

</g| 1 I:.D;I Ubt;ul I‘Vlcbtul
</gml:direction>
<gml:distance uom="m">16500.</gml:distance>
</gml:DirectedObservationAtDistance>

19 GML schema — Coverages
19.1 The coverage model and representations

19.1.1 General remarks

This clause defines the GML encoding for coverages and is in agreement with the conceptual m
in ISO 19123.
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ISO 19123 provides a definition:

Coverages support mapping from a spatiotemporal domain to attribute values where attribute types are
common to all geographic positions within the spatiotemporal domain. A spatiotemporal domain consists of
a collection of direct positions in a coordinate space. Examples of coverages include rasters, triangulated
irregular networks, point coverages, and polygon coverages. Coverages are the prevailing data structures
in @ number of application areas, such as remote sensing, meteorology, and bathymetric, elevation, soil,
and vegetation mapping.

The information describing a coverage is conventionally represented in one of two ways:

a) As a set of discrete location-value pairs.

b) As a ddscription of the spatio-temporal domain (multi-geometry, grid) and a description of the ‘set of
values ffom the range, together with a method or rule (which may be implicit) that assigns @ value| from
the rangk set to each position within the domain.

The first method only applies to domains that are partitioned into discrete components. (This represeniation
may be realiged in GML as a homogeneous feature collection (i.e. all the features_have the same s$et of
properties), where the set of locations from the features compose the domain andthe/set of property vplues
compose thg range. The mapping from domain to range is trivial: the properties on\each feature are ass|gned
to the locatipn of that feature. For coverages whose domain is composed ofa large set of location$ this
explicit reprepentation may, however, be bulky.

The second Inethod is more flexible in a number of ways.

— Since the domain and range are homogeneous sets, there may be efficiencies in the representation of
either orlboth domain and range.

— The valjes in the range may be represented in an analytic form rather than as discrete explicit values,
which is|also related to the fact that as discrete explicit values.

— When tHe attribute values vary continuously-across the domain, a functional form covering the complete
domain |s required to be able to provide values of the range at arbitrary locations. The function tygically
involves|interpolation, possibly using a process model.

The first repfesentation is typically used_during data collection where a set or properties relating to a gingle
location are| managed together, or update of a datastore where only a small number of features are
manipulated [at one time. The second representation is more suitable for analysis, where spatio-teniporal
patterns and|anomalies within a‘specific property are of interest.

It is the secpnd method,<using a functional map over the whole domain, which is the subject of the | GML
coverage engoding.

186 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

19.1.2 Formal description of a coverage

A coverage incorporates a mapping from a spatiotemporal domain to a range set, the latter providing the set
in which the attribute values live. The range set may be an arbitrary set including discrete lists, integer or
floating point ranges, and multi-dimensional vector spaces. This conceptual model of a coverage is described

in Figure 4.
A . B
Dormain T — Range
(space, time) (attribute values)
Figure 4 — Conceptual model of a coverage
A coyerage can be viewed as the graph of the coverage function f:A 2>, B;that is as the set of ord

This
doma
is co

{(x, f(x)) | where x is in A}

View is especially applicable to the GML encoding of a coverage. In the case of a discrete ¢
in set A is partitioned into a collection of subsets (typically a disjoint collection) A = UA; and
hstant on each A;. For a spatial domain, the A; are* geometry elements, hence the covsg

bred pairs

overage, the
the function f
rage can be

viewgd as a collection of (geometry,value) pairs, where the value is an element of the range set|If the spatial
domgin A is a topological space then the coveragéZcan be viewed as a collection of (topology|value) pairs,
wherg the topology element in the pair is a topological n-chain (in GML terms this is a gml:[TopoPoint,
gml :lTopoCurve, gml: TopoSurface or gml s TopoSolid).
19.1.p Coverage in GML
A coyerage is implemented as a GNML feature. We can thus speak of a “temperature distribution feature”, or a
“remotely sensed image feature; ora “soil distribution feature”.
As is|the case for any GMLobject, a coverage object may also be the value of a property of a feajure.
EXAMPLE The temperature distribution might be a property of a city feature (abc:City), so a descrigtion of the city
of Otfawa might be represented in GML as follows (here, abc: TempratureCoverage is a coverage fepture that is a
property of the city féature):
<abc:City gml:idh=)‘Ottawa”>
<ab¢:population>500000</abc:population>
<abc:temperatureDistribution>
<abc:TemperatureCoverage> ... </abc:TemperatureCoverage>
labo-t naratiraDicticibution
ICIU\.’.LUIIIPUICA[UIGI—IIQ[IIUULIUII
</abc:City>
NOTE Coverages in GML are supported by two schemas documents, coverage.xsd and grids.xsd. Coverages.xsd

provides the basic GML coverage model. Grids.xsd provides grid geometry structures that are used in the description of
gridded coverages but which could be employed for other applications.

The schema document grids.xsd is identified by the following location-independent name (using URN syntax):

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

The coverage.xsd schema document is identified by the following location-independent name (using URN syntax):

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

All schema documents are listed in Annex C.
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19.1.4 Relationship with ISO 19123

The coverage components of the GML schema specified in this clause provide a conformant, partial
implementation of the ISO 19123 coverage schema. The relationship is discussed in detail in D.2.11.

The 1SO 19123 coverage types implemented in GML are specified in ISO 19123; additional constraints
specified in ISO 19123 for these types are also constraints on the coverage components of the GML schema.

19.2 Grids schema

19.2.1 Overview

An implicit description of geometry is one in which the items of the geometry do not explicitly appear in the
encoding. Ingtead, a compact notation records a set of parameters, and a set of objects may bé ;gendrated
using a rule with these parameters. This clause provides grid geometries that are used in thé description of

gridded cove

rages and other applications.

In GML two grid structures are defined, namely gml :Grid and gml :RectifiedGrig:
19.2.2 Grid
gml:Grid implements ISO 19123 CV_Grid (see D.2.11 and ISO 19123:2005,°8.3) and is defined as follgqws:

<element nam

<element nam
substitutionGr:

<complexTyy

e="Grid" type="gml:GridType" substitutionGroup="gml:AbstractimplicitGeometry"/>

e="AbstractimplicitGeometry" type="gml:AbstractGeometryJype" abstract="true"
bup="gml:AbstractGeometry"/>

e name="GridType">

<complexCepntent>
<extensiorn base="gml:AbstractGeometryType">
<sequenge>
<element name="limits" type="gml:GridLimitsTypg!/>

ent name="axisLabels" type="gml:NCNameList"/>
ent name="axisName" type="string" maxOccurs="unbounded"/>
</choicg>
</sequenice>
<attributd name="dimension" type="positivelnteger" use="required"/>
</extensiop>
</complexQontent>
</complexType>

The gml:Grid implicitly’ defines an unrectified grid, which is a network composed of two or more s¢ts of
curves in whjch thesmembers of each set intersect the members of the other sets in an algorithmic way. The
region of intgrest within the grid is given in terms of its gm1:1imits, being the grid coordinates of diagpnally
opposed corhers, of a rectangular region. gml : axisLabels is provided with a list of labels of the axes ¢f the
grid (gml :axt : iff i i i

1 10

In GML the gm1:1imits element contains a single gml:GridEnvelope, in accordance with the following
schema definitions:

<complexType name="GridLimitsType">
<sequence>
<element name="GridEnvelope" type="gml:GridEnvelopeType"/>
</sequence>
</complexType>

<complexType name="GridEnvelopeType">

<sequence>
<element name="low" type="gml:integerList"/>
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<element name="high" type="gml:integerList"/>
</sequence>
</complexType>

36:2007(E)

The gml:low and gml:high elements are each gml:integerLists, which are coordinate tuples, the
coordinates being measured as offsets from the origin of the grid along each axis, of the diagonally opposing
corners of a “rectangular” region of interest.

EXAMPLE The following example illustrates a simple Grid.

<gml:Grid dimension="2">
<gml:limits>

4

<

<\
</g

In thig

When a grid point is used to represent a sample space (e.g. image pixel), the’grid point represer

gml:GridEnvelope>

<gml:low>0 0</gml:low>

<gml:high>3 3</gml:high>

/gml:GridEnvelope>

gml:limits>

ml:axisLabels>x y</gml:axisLabels>

ml:Grid>

example the Grid has posts (points) at locations (0,0), (0,1),(1,0),(1,1) through to.(3,3).

ts the center

of thg sample space (see ISO 19123:2005, 8.2.2).
19.2.3 RectifiedGrid
A regtified grid is a grid for which there is an affine transformation between the grid coordingtes and the
coordinates of an external coordinate reference system.dt is defined by specifying the positjon (in some
geonjetric space) of the grid “origin” and of the vectors that specify the post locations.
gml:RectifiedGrid implements ISO 19123 CV\RectifiedGrid (see D.2.11 and I1SO 19123:2Q05, 8.9) and
is de¢lared as follows:
<element name="RectifiedGrid" type="gml:RectifiedGridType" substitutionGroup="gml:Grid"/>
<complexType name="RectifiedGridType">
<cgmplexContent>
<gxtension base="gml:GridType!>
{¥sequence>
<element name="origin"/type="gml:PointProperty Type"/>
<element name="offsétVector" type="gml:VectorType" maxOccurs="unbounded"/>
{/sequence>
</extension>
</cpmplexContent>
</complexType>

Note |that the.grid limits (post indexes) and axis name properties are inherited from gml : GridTlype and that
gml:ReCtifiedGrid adds a gml:origin property (contains or references a gml:Point)|and a list of
gnl :[offsetVector properties (specified using gml : VectorType as its data type as described in 10.1.4.5).
NOTE gml:origin and the list of gml:o0ffsetVector properties tie the grid to a position in geographic space and

indicate the offset of cells along each axis. See ISO 19123:2005, 8.9.6, for a list of constraints on these properties.
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EXAMPLE 1 Figure 5 shows the geometry of a rectified grid.
A
i p1
T Q__p2
1T 1 17 1 177710
1 1 1 1 1 1 1 1 1 1 1 1 g
Key
(0] origin
p1,p2  offs¢t vectors
Figure 5 — RectifiedGrid Geometry
EXAMPLE 2 An example instance of a gml:RectifiedGrid is as follows:
<gml:RectifledGrid dimension="2">
<gml:limifs>

</gml:P
</gml:ori
<gml:offs
<gml:offs
</gml:Rec

Note that in th
in Figure 6.

int>

in>
etVector srsName="urn:x-ogc:def:crs:EPSG:6.6:4329">-0.2 1.25</gml:offsetVector>
etVector srsName="urn:x-ogc:def:crs:EPSG:6.6:4329">1.3 0.2</gml:offsetVector>
ifiedGrid>

s example the rectified grid 'starts at integer offset 1 1 (value of 1ow property) relative to the origin as

Key
(0] origin
p1, p2 offset

190

vectors
Figure 6 — RectifiedGrid with non-zero low limit

hown
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Coverage schema

19.3.1 AbstractCoverageType, AbstractCoverage

36:2007(E)

The base type for coverages is gml : AbstractCoverageType, defined in the schema as follows:

<complexType name="AbstractCoverageType" abstract="true">
<complexContent>
<extension base="gml:AbstractFeatureType">
<sequence>

<element ref="gml:domainSet"/>

<
</c
</co|

The basic elements of a coverage can be seen in this content model: the coverage eontains gm1

and g
gml:

The
ISO 1

<ele
subg

This
deriv
wher

19.3.

A dis
cons
numbk
objeq
doma
defin
the s

4

<glement rnf—"gml'r’angnan"/s

/sequence>
pxtension>
bmplexContent>
mplexType>

ml:rangeSet properties. The gml:domainSet property describes the domain of the covg
rangeSet property describes the range of the coverage.

abstract element gml:AbstractCoverage implements ISO 19423 CV_Coverage (see
9123:2005, 5.3) and is declared as follows:

ment name="AbstractCoverage" type="gml:AbstractCoverageType" abstract="true"
titutionGroup="gml:AbstractFeature"/>

element serves as the head of a substitution group.--which may contain any coverage w
bd from gml:AbstractCoverageType. It may\act as a variable in the definition of co
b it is required to permit any coverage to be valid:

P DiscreteCoverageType, AbstractDiscreteCoverage

crete coverage consists of a domain set, range set and optionally a coverage function. Th
sts of either spatial or temporal geometry objects, finite in number. The range set is compris
er of attribute values each of«which is associated to every direct position within any single sy
t in the domain. In other.words, the range values are constant on each spatiotemporal
in. This coverage function.maps each element from the coverage domain to an element in it
tion conforms to 1ISQ.19123. The base type for discrete coverages is DiscreteCoverageTyy
chema as follows:

complexType sfiame="DiscreteCoverageType">
<complexContent>
<extension base="gml:AbstractCoverageType">
<sequence>
<element ref="gml:coverageFunction" minOccurs="0"/>
</sequence>

domainSet
rage and the

D.2.11 and

hose type is
ntent models

e domain set
ed of a finite
atiotemporal
object in the
S range. This
e, defined in

</extension>

</complexContent>

</complexType>

The coverageFunction element describes the mapping “f” as shown in Figure 4.

The abstract element gml:AbstractDiscreteCoverage implements ISO 19123 CV_DiscreteCoverage

(see

D.2.11 and ISO 19123:2005, 5.7) and is declared as follows:

<element name="AbstractDiscreteCoverage" type="gml:DiscreteCoverageType" abstract="true"

substitutionGroup="gml:AbstractCoverage"/>

This element serves as the head of a substitution group which may contain any discrete coverage.

©I1SO

2007 — All rights reserved

191


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

19.3.3 AbstractContinuousCoverageType, AbstractContinuousCoverage

A continuous coverage as defined in ISO 19123 is a coverage that can return different values for the same
feature attribute at different direct positions within a single spatiotemporal object in its spatiotemporal domain.
The base type for continuous coverages is AbstractContinuousCoverageType, defined in the schema as
follows:

<complexType name="AbstractContinuousCoverageType" abstract="true">
<complexContent>
<extension base="gml:AbstractCoverageType">
<sequence>
<element ref="gml:coverageFunction" minOccurs="0"/>
</sequence>
</extension>
</cgmplexContent>
</complexType>

The coveraggFunction element describes the mapping “f” as shown in Figure 4.
The abstractlelement gml : AbstractContinuousCoverage is declared as follows:

<elemen{ name="AbstractContinuousCoverage" type="gml:AbstractContinuousCoverageType" abstract="true"
substitutjonGroup="gml:AbstractFeature"/>

This element serves as the head of a substitution group which may contain‘any continuous coverage whose
type is derivgd from gml : AbstractContinuousCoverageType.

19.3.4 domainSet, DomainSetType

The gml:ddmainSet property element describes the spatio-temporal region of interest, within which the
coverage is defined. Its content model is given by gm1 : DemainSetType which is defined as follows:

<element nafne="domainSet" type="gml:DomainSetTypg'/>

<complexTyge name="DomainSetType">
<sequence minOccurs="0">
<choice>
<elemen{ ref="gml:AbstractGeometry"/>
<elemen{ ref="gml:AbstractTimeObject"/>
</choice>
</sequencep
<attributeGrloup ref="gml:OwnetshipAttributeGroup"/>
<attributeGroup ref="gml:AsSociationAttributeGroup"/>
</complexType>

The value | of thé.vdomain is thus a choice between a gml:AbstractGeometry ar[d a
gml :AbstrgctTimeObject. In the instance these abstract elements will normally be substituted |by a
geometry co1nplex or temporal complex, to represent spatial coverages and time-series, respectively.

NOTE Spatiotemporal domains are supported if the domain is described using a compound coordinate reference
system, one of whose components is temporal. Otherwise, following the ISO 19100 series of International Standards,
GML does not support combined spatial-temporal domains.

The presence of the gml:AssociationAttributeGroup means that domainSet follows the usual GML

property model and may use the xlink:href attribute to point to the domain, as an alternative to describing the
domain inline. Ownership semantics may be provided using the gm1 : OwnershipAttributeGroup.

19.3.5 rangeSet, RangeSetType

The gml:rangeSet property element contains the values of the coverage (sometimes called the attribute
values). Its content model is given by gml : RangeSetType which is defined as follows::
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<element name="rangeSet" type="gml:RangeSetType"/>

<complexType name="RangeSetType">
<choice>

<element ref="gml:ValueArray" maxOccurs="unbounded"/>
<element ref="gml:AbstractScalarValueList" maxOccurs="unbounded"/>
<element ref="gml:DataBlock"/>
<element ref="gml:File"/>

</choice>

</complexType>

This content model supports a structural description of the range. The semantic information describing the
range_set is embedded ||qing a uniform method as part aof the m(plir‘i’r values aor as a tp'nplate value

acco]npanying the representation using gml : DataBlock and gml:File.

The palues from each component (or “band”) in the range may be encoded within a |gml:ValueArray
element or a concrete member of the gml:AbstractScalarValueList substitution@roup?). [Use of these
elements satisfies the value-type homogeneity requirement.

19.3.p DataBlock

gml :]DataBlock describes the Range as a block of text encoded values similar to a Commagn Separated
Valug (CSV) representation. The content model is as follows:

<element name="DataBlock" type="gml:DataBlockType" substitutionGroup="gml:AbstractObject"/>

<g¢omplexType name="DataBlockType">
<sequence>
<element ref="gml:rangeParameters"/>
<choice>
<element ref="gml:tupleList"/>
<element ref="gml:doubleOrNilReasonTupleList"/>
</choice>
</sequence>
complexType>

A

The flange set parameterization is described by the property gml : rangeParameters.

19.3.f rangeParameters
The ¢ml: rangeParameters property is declared as follows:
<elenent name="rangeParameters" type="gml:AssociationRoleType"/>

gml :lrangeParameters provides a slot for the description of the range parameters. This may be a local
description using'a suitable record schema (see ISO/TS 19103), or may carry a link to an external range
description_that matches some standard. Specific range parameters for inline use may be definedl through the
creatlon.6f @ GML application schema that may be based on the value objects schema, as described in 16.4.

19.3.8 tupleList
The gml:tuplelist property is declared as follows:

<element name="tupleList" type="gml:CoordinatesType"/>

gml:CoordinatesType is described in 9.1.4.5. It consists of a list of coordinate tuples, with each coordinate
tuple separated by the ts or tuple separator (whitespace), and each coordinate in the tuple by the cs or
coordinate separator (comma).

7) e.g. gml:CategoryList, gml:QuantityList — see 16.4.
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The gml:tuplelList encoding is effectively “band-interleaved”.

EXAMPLE A set of pairs of temperature and pressure observations might be recorded in a gml:DataBlock as
follows:

<gml:DataBlock>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="urn:x-si:v1999:uom:degreesC">template</Temperature>
<Pressure uom="urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:valueComponents>
<fgmCompositevaiue=>
</gml:rangeParameters>
<gml:tupleList>3,101.2 5,101.3 7,101.4 11,101.5 13,101.6 17,101.7 19,101.7 23,101.8 29,1019
31,102.0 37,102.1 41,102.2 43,102.3 47,102.4 53,102.5 59,102.6</gml:tupleList>
</gml:DataBlock>

where Temgerature and Pressure are elements defined in a local application schema, |using
gml :Measur¢OrNilReasonListType.

19.3.9 doubleOrNilReasonTupleList
The gml :doibleOrNilReasonTupleList property is declared as follows:

<element pame="doubleOrNilReasonTupleList" type="gml:doubleOrNilReasonList"/>

gml:doublgOrNilReasonList is described in 8.2.4.1. It consists of a list of gml :doubleOrNilRepson
values, each separated by a whitespace. The gml:doubleOkNilReason values are grouped into tuples
where the difnension of each tuple in the list is equal to the number of range parameters.

EXAMPLE An example of the use of gml:doubleQrNilReasonTupleList to record the same set of pairs of
temperature apd pressure observations given in the gml : DataBlock example above is as follows:

<gn:DataBlock>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature juom="urn:x-si:v1999:uom:degreesC">template</Temperature>
<Pressuré*'uom="urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:valueCemponents>
</gml:CompositeValue>
</gml:rangeParameters>
<gml:doubleQrNilReasonTupleList>3 101.2 5 101.37 101.4 11 101.5 13 101.6 17 101.7 19101.7 43
101.8 291019 31 102.0. 37-102.1 41 102.2 43 102.3 47 102.4 53 102.5 59
102.6</gml:dgubleOrNilReasonTupleList>
</gml:DataBlock>

19.3.10 File,|FileType

For efficiency reasons, GML also provides a means of encoding the range set in an arbitrary external
encoding, such as a binary file. This encoding may be “well-known” but this is not required. This mode uses
the gm1:File element, which is declared as follows:

<element name="File" type="gml:FileType" substitutionGroup="gml:AbstractObject"/>

<complexType name="FileType">
<sequence>
<element ref="gml:rangeParameters"/>
<choice>
<element name="fileName" type="anyURI'"/>
<element name="fileReference" type="anyURI"/>
</choice>
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<element name="fileStructure" type="gml:CodeType"/>
<element name="mimeType" type="anyURI" minOccurs="0"/>
<element name="compression" type="anyURI" minOccurs="0"/>
</sequence>
</complexType>

In this version of the coverage encoding, the values of the coverage (attribute values in the range set) are
transmitted in an external file that is referenced from the XML structure described by gml:FileType. The
external file is referenced by the gml:fileReference property that is an anyURI (the gml:fileName
property has been deprecated). This means that the external file may be located remotely from the
referencing GML instance.

EXAM
The
may
comg

The

The
“Rec
valus

The s

The referenced file structure shall be as shown in Figure 7.,

Note
post-

PLE This can support, for example, both an http reference and a SOAP attachment.
ml:compression property points to a definition of a compression algorithm through-an 3
be a retrievable, computable definition or simply a reference to an unambiguous n
ression method.

ml :mimeType property points to a definition of the file mime type.

ml:fileStructure property is defined by a codelist. An example ofa values in the cod
brd Interleaved”. Note further that all values shall be enclosed,in(a’ single file. Multi-file s
s are not supported in GML.

emantics of the range set is described as above using thelgm1 : rangeParameters propert

Where the values in each are
Record 1 A1 A2 A3
Record 2
Recoré:3
Record n

Figure 7 — File Record Structure or Coverage File

that if any“compression algorithm is applied, the structure above applies only to the pre-co
Hecompression structure of the file.
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document order.

EXAMPLE An encoding of a binary file may look as follows:

<gml:File>

©I1SO

<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="urn:x-si:v1999:uom:degreesC">template</Temperature>
<Pressure uom="urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositeValue>
</gml:rangeParameters>
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<gml:fileName>http://www.somedata.org/temp_pressure.dat</gml:fleName>
<gml:fileStructure>Record Interleaved</gml:fileStructure>
</gml:File>

19.3.11 coverageFunction, CoverageFunctionType

This subclause describes the gml : coverageFunction property, that is, the mapping “f” (see Figure 4) from
the domain to the range of the coverage. The content model for the coverage function is given by:

<element name="coverageFunction" type="gml:CoverageFunctionType" substitutionGroup="gml:AbstractObject"/>

<complexType name="CoverageFunctionType">
<choice>
<element fef="gml:MappingRule'/>
<element fef="gml:CoverageMappingRule"/>
<element fef="gml:GridFunction"/>
</choice>
</complexType>

Note that |the value of the CoverageFunction is one of gml:MappingRule (deprecated),
gml:CoverggeMappingRule and gml:GridFunction.

If the gml:¢overageFunction property is omitted for a gridded coverage” (including rectified grldded
coverages) the gml:startPoint is assumed to be the value of the gml:1ow property in the gml:[Grid
geometry, apd the gml:sequenceRule is assumed to be linear and the gml:axisOrder property is
assumed to e “+1 +2”.

EXAMPLE These defaults are best illustrated by a simple example(@asfollows:

<AverageTempPressure
xmins="http:/\vww.opengis.net/app" xmIns:gml="http://www.opengis.net/gml/3.2”
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalog¢ation="http://www.opengis.net/app ./CoverageExamples.xsd">
<gml:donpainSet>
<gm:Grid dimension="2">
<gml:limits>
<gml:GridEnvelope>
<gml:low>0 0</gmlfow>
<gml:high>4 4</gml:high>
</gml:GridEnvelope>
</gml:limits>
<gml:axisLabels>xy</gml:axisLabels>
</gml:Grid>
</gml:dofnainSet>
<gml:rangeSet>
<gml:DataBlock>
<gml;rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
Temperature-vom="urrx-skv1999:vem:degreesC>template</femperature
<Pressure uom="urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositeValue>
</gml:rangeParameters>
<gml:tupleList>3,101.2 5,101.3 7,101.4 11,101.5 13,101.6 17,101.7 19,101.7 23,101.8 29,101.9
31,102.0 37,102.1 41,102.2 43,102.3 47,102.4 53,102.5 59,102.6</gml:tupleList>
</gml:DataBlock>
</gml:rangeSet>
</AverageTempPressure>

Since no coverageFunction is specified the function is assumed to be that of linear scanning with “+1 +2” order starting at
the location (0 0). If we look at the DataBlock, we see that we have the mapping shown in Table 4.
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Table 7 — Data block example

Grid location Data value
00 3,101.2
10 5,101.3
20 7,101.4
30 11,101.5
01 13,101.6
11 17.101.7
21 19,101.7
31 23,101.8
02 29,101.9
12 31,102.0
22 37,1021
32 41,102.2
03 43,102.3
13 47,102:4
23 53,102.5
33 59,102.6

19.3.12 CoverageMappingRule
gml :|CoverageMappingRule provides a formal or informal description of the coverage function| per:
felement name="CoverageMappingRule" type="gml:MappingRuleType" substitutionGroup="gml:AbstractObject"/>
fcomplexType name="MappingRuleTypge" final="#all">
<choice>

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

<element name="ruleReference" type="gml:ReferenceType"/>

</choice>
¥/complexType>

EXAMPLE MathMLtean be used for formal descriptions, informal ones may be any free text.

The mapping rulexfmay be defined as an inline string (gml:ruleDefinition) or via a remgte reference
through xlink:hrefi(gml: ruleReference).

If no fule_.name is specified, the default is ‘Linear’ with respect to members of the domain in docurment order.

19.3.43-GridFunction, GridFunctionType

gml :GridFunction provides an explicit mapping rule for grid geometries, i.e. the domain shall be a
geometry of type grid. It describes the mapping of grid posts (discrete point grid coverage) or grid cells
(discrete surface coverage) to the values in the range set. The content model is as follows:

<element name="GridFunction" type="gml:GridFunctionType" substitutionGroup="gml:AbstractObject"/>

<complexType name="GridFunctionType">
<sequence>
<element name="sequenceRule" type="gml:SequenceRuleType" minOccurs="0"/>
<element name="startPoint" type="gml:integerList" minOccurs="0"/>
</sequence>
</complexType>
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The gml:startPoint is the index position of a point in the grid that is mapped to the first point in the range
set (this is also the index position of the first grid post). If the gml:startPoint property is omitted the
gml:startPoint is assumed to be equal to the value of gml:1ow in the gml : Grid geometry. Subsequent
points in the mapping are determined by the value of the gm1 : sequenceRule.

19.3.14 sequenceRule, SequenceRuleType, SequenceRuleEnumeration
The sequenceRule is described by the content model:

<complexType name="SequenceRuleType">
<simpleContent>
<extension base="gml:SequenceRuleEnumeration™
<attribute name="order" type="gml:IncrementQOrder"/>
<attribute name="axisOrder" type="gml:AxisDirectionList"/>
</extension>
</sithpleContent>
</complexType>

The gml:SejguenceRuleType is derived from the gml: SequenceRuleEnumeratien through the adfition
of an axisOfder attribute. The gml : SequenceRuleEnumeration is an enumerated-type defined as:

<simpleType|name="SequenceRuleEnumeration">
<restriction pase="string">
<enumeration value="Linear"/>
<enumeration value="Boustrophedonic"/>
<enumeration value="Cantor-diagonal"/>
<enumeration value="Spiral"/>
<enumeration value="Morton"/>
<enumeraion value="Hilbert"/>
</restrictionp
</simpleTypg>

These rule names are defined in ISO 19123.
If no rule name is specified the default is “Linear”.
The axisOrper attribute has the following-content model:

<simpleTlype name="AxisDirectionList">
<listlitemType="gml:AxisDirection"/>

</simpleType>

<simpleTlype name="AxisDirection">
<regtriction basez="string">

<pattern yalue="[\+\-][1-9][0-9]*"/>
</regtriction>

</simpleType>

The value of[a gml : AxisDirection indicates the incrementation order to be used on an axis of the grid.

EXAMPLE 1 "+3" means that the points in the grid are to be traversed from lowest to highest on the 3rd axis.

The different values in a gm1 : AxisDirectionList indicate the incrementation order to be used on all axes
of the grid. Each axis shall be mentioned once and only once.

EXAMPLE 2 "+1 -2 +3" means that the points are to be traversed from lowest to highest on the 1st axis, starting at the
highest value on the 2nd axis and the lowest value on the 3rd axis points, incremented fastest on the 1st axis before
incrementing on the 2nd axis and finally the 3rd.
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.15 Specific Coverage Types in GML

GML supports all of the discrete coverage types defined in ISO 19123.

The

supported types are substitutable from gml : AbstractDiscreteCoverage and include:
gml:MultiPointCoverage (CV_DiscretePointCoverage)
gml :MultiCurveCoverage (CV_DiscreteCurveCoverage)

ml:MultiSurfaceCoverage (CV DiscreteSurfaceCoverage)

ml:MultiSolidCoverage (CV_DiscreteSolidCoverage)
ml:GridCoverage (CV_DiscreteGridPointCoverage)

ml:RectifiedGridCoverage (CV_DiscreteGridPointCoverage)

NOTE Concrete continuous coverage types can be anticipated in future releases™of this International S

Users may also construct their own coverage types by using or deriving from gml : DiscreteCoy

gml

:lAbstractContinuousCoverageType or by using or derivation from the specific concr

typeqd above.

The

same range set encodings apply for each of the different discrete coverage types as f

specified by the geometry type of the domain.

19.3.

In a

16 MultiPointCoverage

bml :MultiPointCoverage the domaimiset is a gml :MultiPoint, which is a collection

distributed geometric points. l.e., the value in'gm1 : domainSet shall be a gml :MultiPoint.

Ina

felement name="MultiPointCoverage" type="gml:DiscreteCoverageType"
substitutionGroup="gml:AbstractDiscreteCoverage"/>

gml:MultiPointCoverage the mapping from the domain to the range is straightforward.

For gml : DataBloeck_encodings the points of the gml:MultiPoint are mapped in docur
the tuples of the.data block.

For gml : CompositevValue encodings the points of the gml :MultiPoint are mapped to
of the composite value in document order.

For gml:File encodings the points of the gml:MultiPoint are mapped to the records

andard.

rerageType,
bte coverage

he latter are

of arbitrarily

nent order to

he members

of the file in

seqiential order

EXAMPLE A gml:MultiPointCoverage using value encoding:

<AverageTempPressure

xmlns="http://www.opengis.net/app"
xmins:gml="http://www.opengis.net/gmi|/3.2"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalLocation="http://www.opengis.net/app CoverageExamples.xsd">
<gml:boundedBy>
<gml:Envelope srsName="urn:x-ogc:def:crs:EPSG:6.6:4326">
<gml:lowerCorner>1 1</gml:lowerCorner>
<gml:upperCorner>4 4</gml:upperCorner>
</gml:Envelope>
</gml:boundedBy>
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<gml:domainSet>
<gml:MultiPoint srsName="urn:x-ogc:def:crs:EPSG:6.6:4326">
<gml:pointMember>
<gml:Point>
<gml:pos>1 1</gml:pos>
</gml:Point>
</gml:pointMember>
<gml:pointMember>
<gml:Point>
<gml:pos>2 2</gml:pos>
</gml:Point>
</gml:pointMember>
<gml:pointMember>
<gml:Point>
<gml:pos>3 3</gml:pos>
</gml:Point>
</gml:pointMember>
<gml:pointMember>
<gml:Point>
<gml:pos>4 4</gml:pos>
</gml:Point>
</gml:pointMember>
</gml:MultiPoint>
</gml:dofnainSet>
<gml:rangeSet>
<gml:ValueArray>
<gml:valueComponents>
<Temperature uom="urn:x-si:v1999:uom:degreesC">3</Temperature>
<Temperature uom="urn:x-si:v1999:uom:degreesC">5</Temperature>
<Temperature uom="urn:x-si:v1999:uom:degreesC">7</Temperature>
<Temperature uom="urn:x-si:v1999:uom:degreesC*>11</Temperature>
</gml:valueComponents>
</gml:ValueArray>
</gml:rarjgeSet>
</AverageTempPressure>

19.3.17 MJltiCurveCoverage

In a gml:MultiCurveCoverage the domain is partitioned into a collection of curves comprising a
gml:MultiGurve. The coverage function then maps each curve in the collection to a value in the range(set.

<elemen{ name="MultiCurveCoverage" type="gml:DiscreteCoverageType "
substitutjonGroup="gml:AbstractDiscreteCoverage"/>

The value injgm1 : domainset shall be a gml :MultiCurve.

Ina gml:Mul tiCurveQoverage the mapping from the domain to the range is straightforward.

— For gml|: D&taBlock encodings the curves of the gml:MultiCurve are mapped in document ordler to
the tuplgs-of the data block.

— For gml:Compositevalue encodings the curves of the gml :MultiCurve are mapped to the members
of the composite value in document order.

— For gml:File encodings the curves of the gml:MultiCurve are mapped to the records of the file in
sequential order.

EXAMPLE A gml:MultiCurveCoverage using data block encoding:

<AverageTempPressure
xmins="http://www.opengis.net/app"
xmins:gmli="http://www.opengis.net/gml/3.2"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
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xsi:schemaLocation="http://www.opengis.net/app CoverageExamples.xsd">
<gml:boundedBy>
<gml:Envelope srsName="urn:x-ogc:def.crs:EPSG:6.6:4326">
<gml:lowerCorner>1.1 1.1</gml:lowerCorner>
<gml:upperCorner>5.5 5.5</gml:upperCorner>
</gml:Envelope>
</gml:boundedBy>
<gml:domainSet>
<gml:MultiCurve srsName="urn:x-ogc:def:crs:EPSG:6.6:4326">
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">1.1 1.1 2.2 2.2</gml:posList>
</gml:LineString>
</gml:curveMember>
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">2.2 2.2 3.3 3.3</gml:posList>
</gml:LineString>
</gml:curveMember>
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">3.3 3.3 4.4 4.4</gml:posList>
</gml:LineString>
</gml:curveMember>
<gml:curveMember>
<gml:LineString>
<gml:posList dimension="2">4.4 4.4 5.5 5.5</gml:posList>
</gml:LineString>
</gml:curveMember>
</gml:MultiCurve>
¥/gml:domainSet>
¥gml:rangeSet>
<gml:DataBlock>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents=
<Temperature vom="urn:x-si:v1999:uom:degreesC">template</Temperature>
<Pressure uomz"urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:valueCompaonents>
</gml:CompositeVialue>
</gml:rangeParameters>
<gml:doubleOrNilRedsonTupleList>3 101.2 5 101.3 7 101.4 11 101.5</gml:doubleOrNilReaspnTupleList>
</gml:DataBlock>
¥/gml:rangeSet>
</AverageTempPressure>

19.3.18 MultiSurfaceCoverage

In a|gmd:MultiSurfaceCoverage the domain is partitioned into a collection of surfaces gomprising a
gml :MdltiSurface. The coverage function than maps each surface in the collection to a valug in the range
set.

<element name="MultiSurfaceCoverage" type="gml:DiscreteCoverageType"
substitutionGroup="gml:AbstractDiscreteCoverage"/>

The value in gm1 :domainSet shallbe a gml :MultiSurface.
Inagml:MultiSurfaceCoverage the mapping from the domain to the range is straightforward.

— For gml:DataBlock encodings the surfaces of the gml :MultiSurface are mapped in document order
to the tuples of the data block.
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— For gml:Compositevalue encodings the surfaces of the gml:MultiSurface are mapped to the
members of the composite value in document order.

— For gml:File encodings the surfaces of the gml :MultiSurface are mapped to the records of the file
in sequential order.

EXAMPLE A gml:MultiSurfaceCoverage using file encoding:

<SoilData xmIns="http://www.opengis.net/app" xmIns:gml="http://www.opengis.net/gml/3.2"
xmlins:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:schemalocation="http://www.opengis.net/app
./CoverageExamples.xsd">
<gml:boupdedBy=>
<gnm|:Envelope srsName="urn:x-ogc:def:crs:EPSG:6.6:4329">
<gml:lowerCorner>1 1 1</gml:lowerCorner>
<gml:upperCorner>10 10 2</gml:upperCorner>
</gml:Envelope>
</gm|:borIndedBy>
<gml:donpainSet>
<gm|:MultiSurface srsName="urn:x-ogc:def.crs:EPSG:6.6:4329">
<gml:surfaceMember>
<gml:Polygon gml:id="p1">
<gml:exterior>
<gml:LinearRing>
<gml:posList dimension="3">1111515515 131 1 1</gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
<gml:surfaceMember>
<gml:Polygon gml:id="p6">
<gml:exterior>
<gml:LinearRing>
<gml:posList dimension="3">1012511551 1052 10 1 2</gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
<gml:surfaceMember>
<gml:Polygon gml:id="p14:%
<gml:exterior>
<gml:LinearRing>
<gml:posList dimension="3">5511511101510 15 5 1</gml:posList>
</gmkLinearRing>
</gml:extepior>
</gml:Polygon>
</gml:surfaceMember>
<gml:surfaceMember>
<gml:Polygon gml:id="p16">
<gml:exterior>
<gml:LinearRing>
<gml:posList dimension="3">10525515 10110 10 2 10 5 2</gml:posList>
</gml:LinearRing>
</gml:exterior>
</gml:Polygon>
</gml:surfaceMember>
</gml:MultiSurface>
</gml:domainSet>
<gml:rangeSet>
<gml:File>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponent>
<SoilType codeSpace="http://my.big.org/classifications/soils">template</Soil Type>
</gml:valueComponent>
<gml:valueComponent>
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<SoilMoisture uom="http://my.big.org/units/percent">template</SoilMoisture>
</gml:valueComponent>
</gml:CompositeValue>

</gml:rangeParameters>

<gml:fileReference>soil.dat</gml:fileReference>

<gml:fileStructure>Record Interleaved</gml:fileStructure>

</gml:File>

</gml:rangeSet>

19.3.19 MultiSolidCoverage

In al gml:MultiSolidCoverage the domain is partitioned into a collection of solidsy gomprising a
gml :MultiSolid. The coverage function than maps each solid in the collection to a value ifn thg range set.

felement name="MultiSolidCoverage" type="gml:DiscreteCoverageType"
substitutionGroup="gml:AbstractDiscreteCoverage"/>

The vyalue in gml :domainSet shallbe a gml :MultiSolid.
Inadml:MultiSolidCoverage the mapping from the domain to the range-is straightforward.

— [for gml:DataBlock encodings the solids of the gml :MultisSel1id are mapped in docurpent order to
the tuples of the data block.

— [or gml :CompositeValue encodings the solids of thekgml :MultiSolid are mapped to the members
of the composite value in document order.

— [or gml:File encodings the solids of the gmlsMultiSolid are mapped to the records|of the file in
gequential order.

19.3.20 GridCoverage

A gm|l : GridCoverage is a discrete point coverage in which the domain set is a geometric griq of points as
shown in Figure 8.

i s Grid omaind id-ofpoint

<element name="GridCoverage" type="gml:DiscreteCoverageType"
substitutionGroup="gml:AbstractDiscreteCoverage"/>

Note that this is the same as the gml :MultiPointCoverage except that the value in gml : domainSet shall
be a gml:Grid.

gml:Grid is defined in 19.2.2. Note that the simple grid coverage is not geometrically referenced and hence
no geometric positions are assignable to the points in the grid. Such geometric positioning is introduced in the
gml:RectifiedGridCoverage discussed in 19.3.21.

NOTE When a grid point is used to represent a sample space, the grid point represents the center of the sample
space, see 19.2.2.
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EXAMPLE

A gml:GridCoverage using a file encoding for its values:

<AverageTempPressure>
<gml:domainSet>

<gm

I:Grid dimension="2">
<gml:limits>
<gml:GridEnvelope>
<gml:low>0 0</gml:low>
<gml:high>4 4</gml:high>
</gml:GridEnvelope>
</gml:limits>
<gml:axisLabels>x y</gml:axisLabels>

</gmkGrid>

</gml:do
<gml:ran
<g|’r

</gn
</gml:rar

ainSet>
jeSet>
I:File>
<gml:rangeParameters>
<gml:CompositeValue>
<gml:valueComponents>
<Temperature uom="urn:x-si:v1999:uom:degreesC">template</Temperature>
<Pressure uom="urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:valueComponents>
</gml:CompositeValue>
</gml:rangeParameters>
<gml:fileReference>http://www.somedata.org/temp_pressure.dat</gmlifileReference>
<gml:fileStructure>Record Interleaved</gml:fileStructure>
hl:File>
geSet>

</AverageTenmpPressure>

19.3.21

The gml:Reg
coverage of

RegtifiedGridCoverage

9.3.20 except that the points of the grid afe’geometrically referenced. The rectified grid cov

has a domain that is a gm1 :RectifiedGrid geometry as defined in 19.2.3.

<element
substitut

The value in
gml:Rectif
EXAMPLE

<AveragePres
xmlns:xsi="htt

name="RectifiedGridCoverage" type="gml:DiscreteCoverageType"
onGroup="gml:AbstractDiscreteCoverage"/>

oml :domainSet shall besa-gml :RectifiedGrid.
fiedGrid is defined’in=9.2.3.
A gml :Rectif dedGridCoverage (using a data block):

sure xmIng=thttp://www.opengis.net/app" xmins:gml="http://www.opengis.net/gml|/3.2"
b://wwww3:6rg/2001/XMLSchema-instance" xsi:schemalocation="http://www.opengis.net/app

mples.xsd">

<gml:boundedBy>
<gml:Envelope srsName="urn:x-ogc:def:crs:EPSG:6.6:4329">

./CoverageEHi

tifiedGridCoverage is a discrete point coverage based on a rectified grid. It is similar to thg¢ grid

brage

<gml:lowerCorner>1.2 3.3 2.1</gml:lowerCorner>
<gml:upperCorner>13.6 12.1 15.3</gml:upperCorner>

</gml:Envelope>
</gml:boundedBy>
<gml:domainSet>

<gml:RectifiedGrid dimension="2">

204

<gml:limits>
<gml:GridEnvelope>
<gml:low>1 1</gml:low>
<gml:high>4 4</gml:high>
</gml:GridEnvelope>
</gml:limits>
<gml:axisLabels>u v</gml:axisLabels>
<gml:origin>

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 191

<gml:Point gml:id="palindrome" srsName="urn:x-ogc:def:crs:EPSG:6.6:4329">
<gml:pos>1.2 3.3 2.1</gml:pos>
</gml:Point>
</gml:origin>
<gml:offsetVector srsName="urn:x-ogc:def:crs:EPSG:6.6:4329">1.1 2.2 3.3</gml:offsetVecto
<gml:offsetVector srsName="urn:x-ogc:def:crs:EPSG:6.6:4329">2.0 1.0 0.0</gml:offsetVecto
</gml:RectifiedGrid>

</gml:domainSet>
<gml:rangeSet>

<gml:DataBlock>
<gml:rangeParameters>
<Pressure uom="urn:x-si:v1999:uom:kPa">template</Pressure>
</gml:rangeParameters>

36:2007(E)

r>
>

102.2

4

</Ave

20 1|

20.1

GML

schefna, but may employ a subset of constructs corresponding toSpecific relevant requirements.

We u

Profije: A set of one or more base standards and/or ‘[profiles], and, where applicable, the ide

chos
stand

This
apply
and ¢
simp

schema.

20.2

A pra
subs
interd
may

<gml:doubleOrNilReasonTupleList>101.2 101.3 101.4 101.5 101.6 101.7 101.7 101.8 1019
102.3 102.4 102.5 102.6</gml:doubleOrNilReasonTupleList>
</gml:DataBlock>
/gml:rangeSet>
ragePressure>

Profiles

Profiles of GML and application schemas

is a complex standard that is richly expressive. In general, an application need not exploit th

se this definition of a profile (ISO/IEC TR 10000-1:1998%nd ISO 19106:2004):

bn classes [(types, attributes and elements)], coriforming subsets, options and parameters (
ards, or [profiles] necessary to accomplish a particular function.

was defined for an OSI architecture model, so we translate ‘class’ to ‘types, attributes and
this definition to XML Schema. Therg are several ways to implement this, and GML profiles
elete” approach. To create a profile;'a developer might copy the applicable schema files fri
y delete any global types, elements and local optional particles that she does not need for h

Definition of profile

file of GML may biesdefined to enhance interoperability and to curtail ambiguity by allowing o
bt of GML. Application schemas may then conform to such a profile in order to take adva
perability or_performance advantages that it offers in comparison with a complete GML.
be definedfor application schemas that are included in other specifications.

Ther
a log

are eases where reduced functionality is acceptable, or where processing requirements ¢
caksubset of GML. For example, applications that do not need to handle XLink attributeg

102.0 102.1

e entire GML

entification of
f those base

elements’ to
use a “copy
bm GML and
br application

nly a specific
ntage of any
Such profiles

bmpel use of
in any form

may : e links. Other
cases might include defining constraints on the level of nesting allowed inside tags (i.e. tree depth), or only
allowing features with homogeneous properties as members of a feature collection. In many cases, such
constraints may be enforced via new schemas; others may be enforced through procedural agreements within
an information community.

20.3 Relation to application schema
A profile may be the beginning of an application schema.

EXAMPLE A location based service profile may limit the types of geometry to that used in LBS applications, and the
LBS application schema may then add a “PointCircle,” “PointEllipse” and “PointArc” elements to accommodate the LIF
“CIRCLE,” “ELLIPSE” and “ARC” elements, which are used to describe error estimates of mobile device location.
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The building of such application schemas is thus a two-part process. The profile acts as a restriction of GML
to produce types and elements consistent with the complete GML but potentially lacking in some optional
particles. The application schema then uses these types as a common base, and uses them in new types and
elements by extensions or inclusion.

20.4 Rules

extension & inclusion

— GML profile —

selection & restriction

GML — — application schema

for elements and types in a profile

Global profiled elements in a GML profile shall:

— share th

b same name (and namespace) of a parent element in GML.

— include @ll mandatory particles (subelements and attributes) of the parent element in GML.

— include Mo particle that is not in the parent element in GML.

— have the
— haveag
Global types

— share th

same default values for attributes as the parent element in GML.
arallel substitution group hierarchy for named elements in both schemas.
in a GML profile shall:

b same name (and namespace) of a parent type in GML.

— include all mandatory particles (subelements and attributes).efthe parent type in GML.

— include Mo particle that is not in the parent type in GML,

— have the
— haveadg
Instance doc
Using the “cq
— delete g

— delete o

same default values for attributes as thexparent type in GML.

arallel derivation tree for named types:in both schemas.

uments of a profile shall be valid against the full GML schema.

py and delete” metaphor{described above, our mythic developer may:
obal elements and-global types.

btional subelements from any types or elements.

— make optional subglements or attributes mandatory in any type or element (if a default value exi

shall be
optional

eliminated or the schema validation will report an error — default values are only val
particles).

5ts, it
d for

— restrict cardinality of any particle.

None of the above will affect the validity of a document that is designed against the profile, but tested against

the full GML

schema. Our mythic developer may not:

— delete mandatory subelements from any types or elements.

— make mandatory particles optional.

— relax cardinality restrictions of any particle.

— addorc

206

hange a default or fixed value.
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The last item is a bit subtler than the others are. Documents valid under the profile would still be valid under
the full GML schema, but the interpretation of those documents would change. For example, if a profile
specified a default coordinate reference system to be UTM, and the full schema specified a WGS 84 geodesic
(latitude, longitude) as the default CRS, then the interpretation of the file would change when moving from the
profile to the full schema.

20.5 Rules for referencing GML profiles from application schemas

A GML application schema shall reference the full GML schema in the schemalocation attribute of the
<import> element.

A GNL application schema document conforming to one or more GML Profiles shall providt an applnfo
annofation element <gml:gmlProfileSchema> for every profile in the root schema dociment <schema>
element where the value is a schema location of the profile schema. Note that an application schema may
confgrm to multiple profiles.

EXAMPLE

¥schema ...>
<annotation>
<applnfo>
<gml:gmlProfileSchema>http://schemas.opengis.net/gml/3.2.1/profiles/gmISimpleFeaturgProfile/1.1.0/
gmisf.xsd</gml:gmIProfileSchema>
<gml:gmlProfileSchema>http://schemas.opengis.netigm!/3.2.1/profiles/gmIPointProfile/1} 1.0/gmIPoint
Profile.xsd</gml:gmIProfileSchema>
</applnfo>
</annotation>

{¥/schema>

The 4{gml :gmlProfileSchema> elementis defined as

felement name="gmlProfileSchema" type="anyURI"/>

20.6| Recommendations for application schemas using GML profiles

In orgler that the profile within-an application schema may be later extended to include other profiled GML
elements, the following recommendations are made:

— (lobal elements that.are not in a GML profile but are in an application schema using a GML profile should
mot have the same-name as any element in the GML schema.

— Global types\that are not in a GML profile but are in an application schema using a GML prof{le should not
have the'same name as any type in the GML schema.

If a type or element in an appllcatlon schema is found to be of unlversal use, then the above conventions will
aid tHe

The following recommendations are made simply as a bookkeeping convenience to those trying to understand
the role of the profile in the application schema:

— Profiled elements and types should be included either in a single file for smaller profile or in a file
structure that parallels that of GML. The exact naming convention of the parallelism is left to the
application schema author.

— A reference to the appropriate GML schema document should be made in a comment near the beginning
of the file.

NOTE A method that has been found to be convenient is to package the required GML components into a “stub”
schema document called, e.g., “gmlForApplicationDomain.xsd”. This document may comprise a copy of the necessary
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components assembled in a fine-grained manner (e.g. see Annex G), or may merely <include> a subset of the schema
documents that comprise the standard GML distribution. The schema document gml.xsd is an exhaustive superset
following the latter approach.

20.7 Summary of rules for GML profiles
In summary, the rules for a profile:
— A profile of GML is a logical restriction of a subset of GML.

— A profile shall not change the name, definition, or data type of mandatory GML elements or attributes.

— The relevant schema or schemas that define a profile shall use in the core ‘gml namegpace
http://www.opengis.net/gml/3.2.

— An applifation schema may extend and use types from the profile, but shall do so in its_ own namespace,
and not use http://www.opengis.net/gml/3.2.

The functional test of these rules is:
Any instanc¢ document for an application schema using a GML profile willybe valid against the pame

application sghema if the GML profile is replaced by the complete GML schéma. Further, the interpretatjon of
that document would be the same regardless of which of the two schemas-were used.

21 Rules for GML application schemas

21.1 Instances of GML objects

21.1.1 GML|documents

An XML docpment contains a single XML element as its root. A GML document may be one of the follpwing
elements:

— Agml:3bstractFeature or any.element directly or indirectly in its substitution group.
NOTE 1 THhis includes feature collections and coverages as both are features, too.

— Agml:Dictionary orany element directly or indirectly in its substitution group.

NOTE 2  THhis includes.coordinate reference system and units dictionaries.

— A gml:TopaoGemplex or any element directly or indirectly in its substitution group.

The standard
used in a document are declared as attributes within the document, and the Iocatlon of schema documents
that provide the source components for each namespace may be indicated.

For a GML document, the source of the components describing the primary components within the document
is a GML application schema. Both the document type and the associated GML application schema are
described in this Clause.

Note that this does not imply that all elements and attributes in the GML document are defined by a single

GML application schema. The schema components referenced from the GML document may be contained in
any number of GML application schemas or other XML Schemas.
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21.1.2 GML object elements in other XML documents

Elements of GML objects may occur in XML documents that are not GML documents, too. The XML
document shall validate against an XML Schema document that imports directly or indirectly the GML schema
or a GML profile and optionally one or more GML application schemas.

EXAMPLE GML object elements may be used in request and response messages of Web Services.

21.2 GML application schemas

21.2.1_Introduction

A GML application schema is an XML Schema, conforming to the rules outlined in this) cJause, which
describes one or more types of geographic object, components of geographic objects or'metadata, including
dictignaries and definitions, used in the definition of geographic objects. A GML application schema defines a
vocabulary for a particular domain of discourse by defining and describing the terms ‘of that vogabulary (see
ISO 19109) as follows:

An gpplication schema may reference directly concrete, global GML elements (including |groups) and
attribptes (including attributeGroups) whose names and content models @accurately represent cqmponents of
the vpcabulary it defines.

EXAMPLE 1 This includes property elements like gml:name ,of\,gml:description, object glements Ilike
gml:Pbservation, gml:Dictionary, or gml:Point, and attributes like gml:id.

An application schema may declare new elements and attributes in its own namespace using GML types
when the vocabulary it defines needs to include different. names for the same content models {o distinguish
their semantic roles. The element declared in the application schema will be in a different nanjespace, and
may pe used in an instance document.

EXAMPLE 2 gnml :EnvelopeType may be usedwunmodified as the content model for an element xmml :|Interval.
EXAMPLE 3 gml : LengthType may berused unmodified as the content model for an element ex:height.
EXAMPLE 4 gml:PointPropertyType may be used directly as the content model for a property element
ex:representativePoint.

An application schema may derive new types in its own namespace by extension of GML tyges when the
vocabulary it defines needs’to include components with additional, domain-specific properties.

NOTH The definition of application-specific feature types requires that the content model of the fgature types is
derivgd from gml :AbstractFeatureType, typically by extension.

EXAMPLE 5 The definition of new geometry types not specified in the GML schema, but required by ain application,
e.g. ap ellipse.

An appiication schenma may derive Tew types T itS OWIT namespace by Testrictiomof GMi—types when the

vocabulary it defines needs to include more specialized versions of GML types that restrict the cardinality or
type of their properties.

EXAMPLE 6 An application wants to prohibit the use of multiple names in their feature types. This may be achieved by
deriving an application-specific root feature type by restriction from gml : AbstractFeatureType that sets the maximum
occurrence of the gml : name to “1”.

An application schema may declare new elements that are assigned to a substitution group whose head is an
abstract or concrete GML element. The element declared in the application schema may then appear in
instance documents in place of the substitution group head and be conformant to the content model that
refers to the substitution group head. Note that in order to be a valid member of a substitution group, the type
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of the element shall be validly derived from the type of the element which is the head of the substitution group.
All abstract elements in the GML schema are only useful acting as the heads of substitution groups.

EXAMPLE 7

gml:AbstractGML, gml:AbstractFeature, gml:AbstractGeometry, gml:AbstractCoverage
may all serve as the head of a substitution group for elements in an application schema .

An application schema may declare new elements, attributes and types in its own namespace using types it
has defined to give vocabulary-specific names to their content models.

EXAMPLE 8

GML allows
properties a
viewed as s
least one of the schema types described in 21.3 through 21.11, and comply to the rules _from the respé¢ctive

subclauses i
Coverages 3

Application-specific data types or enumerations.

the derivation of many other kinds of elements such as new units of measure, new geo
d new geometries. While these elements may be packaged into separate schémas the
bordinate to the schema categories of this Clause. Any GML application schema shall be

addition to 21.2. It is thus permissible to create a GML application schema that defines Feg
d Values, so long as this schema satisfies the rules of 21.2, 21.3, 21.8.and 21.9.

21.2.2 Target namespace

An applicatig
objects and
namespace

n schema shall declare a target namespace. This is the\namespace in which the term
broperties of the vocabulary defined by the application sghema live. This shall not be the
http://www.opengis.net/gml/3.2). It is conventional for‘the namespace identifier to be a

controlled by
schema usin

An applicatig
namespace.

NOTE It
directly or indi

the application schema author’s organization. A target namespace is declared in an applid
h the targetNamespace attribute of the schema element from XML Schema.

metry
y are
of at

tures,

s for
GML
URL
ation

n schema may be comprised of multiple schema documents that all declare the same farget

q
9

is recommended that a top-level schema,document in such a modularized application schema
ectly include the other documents to avoid the XML application processing limitations discussed in An

21.2.3 Impoft GML schema

A GML appli
the componeg

The required
schema in th

EXAMPLE 1

cation schema shall impart'the full GML schema. It may identify GML profiles that include
nts from GML that it directly or indirectly uses to define its vocabulary as specified in 20.5.

import of the GML"schema components may be provided indirectly via the import of an
e namespace-of. GML that includes the required GML schema documents.

The importiof gml.xsd from Annex C would satisfy any of these schema import requirements.

<import namespace="http://www.opengis.net/gml/3.2" schemalLocation="../gml.xsd"/>

hould
hex J.

all of

other

The <impor

associated with the GML namespace http://www.opengis.net/gml/3.2. This namespace identifier shall match
the target namespace specified in the schema being imported in order to ensure XML Schema validity.

The path (schemalLocation) to the imported GML schema document shall be provided and may be to a local
copy of the document, or may be a URI reference to a copy of the schema document in some remote

repository.

EXAMPLE 2
web site or ht

NOTE

Examples for such repositories are http://www.iso.org/ittf/ISO_ 19136 Schemas on the ISO

tp://schemas.opengis.net/ on the OGC web site.

location and may be disregarded by XML parsers.

210

According to the W3C XML Schema specification, the schemalocation attribute is only a hint to the physical
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21.2.4 Object type derivation

An object type declared by a GML application schema shall not violate any XML Schema derivation
restrictions imposed by a final attribute on its base GML type nor any other XML Schema rules.

The content model of an object type defined by a GML application schema shall derive directly from the most

specialized GML object type that may serve as the base for its content model while preserving semantic
consistency and increasing type specialization.

21.2.5 Elements representing objects

A GNIL application schema shall declare a global element for any object type that is to servg as the root
element in a GML document.

21.2.6 Property type derivation

A prqperty type defined by a GML application schema to contain inline or reference)a single GML object may
be dgrived from gml : AssociationRoleType or may follow the pattern of this, type.

A prqperty type defined by a GML application schema to contain inline a single GML object mdy be derived
from jgml:InlinePropertyType or may follow the pattern of this type!

A prqperty type defined by a GML application schema to reference d single GML object may be|derived from
gml:ReferenceType or may follow the pattern of this type.

A prqperty type defined by an application schema to contain a homogeneous collection of GML |objects shall
follow the pattern of gml:InlinePropertyType, but may change the minOccurs and maxOdcurs values
in thg <sequence> element.

NOTE As derivation-by-restriction of property.types has created problems with commonly used XML |parsers in the
past, pll instances of such derivations have been removed from the GML schema. It is recommended to a\oid derivation-
by-regtriction in property types in application sehemas, too.

21.2.f Elements representing properties

Elements representing properties” of GML objects may be declared as global elements in ah application
schema, or they may be deelaréd locally within object content models (type definitions).

NOTEH Elements in ¢he-content of complex types that are defined with local names in an applicatign schema will
preveht derivation by réstriction in another namespace. Such complex types are appropriate for elements intended for use
“as is] in their own naméspace, and may be declared to be final="restriction". Elements in the contgnt of complex
types|defined by-reference to global elements support derivation by restriction in another namespace, allowing restriction
of carndinality, and/or replacement by a member of a substitution group. Such complex types designed fof derivation by
restrigtion are_ appropriate “library types” for elements in substitution groups that cross namespaces.

If thg value of the property is expected to be available elsewhere, the type of the property ¢lement shall
support referencing the GML object that is the value of the property (see 21.2.6).

If the value of the property is expected to be represented inline, the type of the property element shall support
this, either by having XML Schema simple content of the appropriate simple type or by containing the GML
object that is the value of the property inline (see 21.2.6).

If the value of the property is expected to be available either elsewhere, or represented inline, then the type of
the property element shall support both methods. In this case the type for the property element shall have the
gml:AssociationAttributeGroup, in which all members are optional, and the child element shall have
minOccurs="0" so that in an instance document the property element may be empty if it carries an xlink
(see 7.2.3). If it is desired to prohibit the possibility of both xlink attributes and content, or neither, then this
constraint should be recorded as a normative directive in an <annotation> element on the element declaration
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in the GML application schema. The directive may be expressed as prose, or it may be expressed using a
formal notation such as Schematron.

21.3 Schemas defining Features and Feature Collections

21.3.1 Introduction

Features and feature collections are the primary view of geospatial information supported by GML, and are
particularly useful in modelling real world geography or in defining message types for geographic web services.
A feature models a real world object or concept, see Clause 9.

Feature application schemas define geographic features and feature collections for a specific appli¢ation
domain or community. These GML application schemas shall obey the additional rules described ‘ih the
following subclauses.

21.3.2 Impoft GML schema components

The applicatjon schema shall import the GML schema as described in 21.2.3. Any(GML profile refergnced
from the application schema shall include at least the gml:AbstractFeaturg-element and all schema
components jused by this element.

21.3.3 Elements representing features

All geograph|c features and feature collections in the application schema'shall be declared as global elements
in the schemp, i.e. they shall be immediate child elements of the XML ‘Schema <schema> element.

The name of an element that instantiates a GML feature shall be its feature type, in the sense descried in
ISO 19109.

An element| representing a feature shall be either—directly or indirectly in the substitution grodp of
gml:AbstractFeature.

An element flepresenting a feature collection type shall be either directly or indirectly in the substitution
of gml :Abst

by extension

In a GML ap
as a feature
representing

neither direcf

21.3.4 Appl

A feature defiined in an application schema shall conform to the rules respecting GML features as descril]

J—een-brm—(e—t-he—ruies—desenbed—m—@#a&&e—?.—

The name of a feature element is the semantic type of the feature.

Clause 9 an

NOTE 1

NOTE 2

ractFeature and have in its\content model a property element whose content model is de
from gml : AbstractFeatluneMemberType.

plication schema, an.abject that is an abstraction of a real world phenomenon shall be moc

All other objects shall be modelled as a GML object that is not a feature, i.e. the elqg
the object shall.be_either directly or indirectly in the substitution group of gml : AbstractGM
ly nor indirectly-in the substitution group of gm1 :AbstractFeature.

cation.features are features

jroup
rived

elled
ment
[, but

ed in

are always encoded as child elements. Properties are not encoded as XML attributes.

212

The children of a feature element are always property elements that describe the feature, and such properties
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21.4 Schemas defining spatial geometries

21.4.1 Import GML geometry schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gml:AbstractGeometry element and all schema
components used by this element.

NOTE Typically additional geometry schema components are required besides those required by
gml:AbstractGeometry. In practice, especially concrete elements and types like gml:Point and
gml:PointPropertyType Will typically be part of the profile.

21.4.2 User-defined geometry types and geometry property types

2141 User-defined geometry types

Authgrs of application schemas may create their own geometry types if GML lacks’the desired fonstruct. To
do thlis, authors shall ensure that the object elements of these concrete geometry and geomeftry collection
typeq are in the substitution group (either directly or indirectly) of the cofresponding GML oblect element:
gml:]AbstractGeometry.

EXAMPLE The following element and complex type definition in an~application schema extends gn|l:Point and
adds p bearing (e.g. for the orientation of a symbol in portrayal).

1element name="PointWithBearing" type="ex:PointWithBearingType" substitutionGroup="gml:Point">

fcomplexType name="PointWithBearingType">
<complexContent>
<extension base="gml:PointType">
<sequence>
<element name="bearing"\type="gml:AngleType"/>
</sequence>
</extension>
</complexContent>
¥/complexType>

Any yser-defined geometry subtypes shall inherit the elements and attributes of the base GML geometry types
withaut restriction, but may extend these base types to meet application requirements, such a$ providing a
finer Hegree of interoperability with legacy systems and data sets.

All rujes specified in Clause 7, Clause 10, 10.5.10 and Clause 11 shall be followed.

21.4.p.2 User-defined geometry property types

Furthermore;.authors of application schemas may create their own geometry property types thaf encapsulate
geonjetry, types which are defined in Clause 10, 10.5.10 or Clause 11 or which they havge defined in
accordance with 21.4.2.1. They shall ensure that these properties follow the pattefn used by
gml :GeometryPropertyType for standard properties and gml : GeometryArrayPropertyType for array
properties. The target type shall be a bona fide geometry object element.

A geometry property type may be a restriction of gml:GeometryPropertyType, but this is not a
requirement. Nevertheless, every geometry property shall follow the pattern of this type. An application
schema may support the choice between an inline or a by-reference semantic or it may restrict the use to
either inline (prohibit the use of the Xlink attributes) or by-reference (prohibit the containment of the geometry
in the feature).

A geometry array property type may be a restriction of gml : GeometryArrayPropertyType, but this is not
a requirement. Nevertheless, every geometry property shall follow the pattern of this type. All geometry
elements in the array are contained inline in the containing object, only inline semantics is supported by array
properties.
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EXAMPLE The following complex type definitions in an application schema define a “standard” property type for a
user-defined geometry type and an array property type for the same geometry type.
<complexType name="MyGeometryPropertyType">
<sequence>
<element ref="foo:PointWithBearingType" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup" />
<attributeGroup ref="gml:OwnershipAttributeGroup" />
</complexType>
<complexType name="MyGeometryArrayPropertyType">
<sequence>
<element ref="foo:PointWithBearingType" minOccurs="0" maxOccurs="unbounded" />
</sequence>
</complexType>
21.5 Schemas defining spatial topologies
21.5.1 Impoft GML topology schema components
The applicatjon schema shall import the GML schema as described in 21.2.3.%Any GML profile refergnced
from the application schema shall include at least the gml :AbstractTopolegy element and all schema
components jused by this element.
NOTE Typically additional topology schema components are Jrequired besides those requiregd by
gml:Abstra¢tTopology. In practice, especially concrete elements and types like gml:Edge| and
gml:Directg¢dEdgePropertyType Will typically be part of the profile,
EXAMPLE Import the GML schema for example as follows using'a schema document of Annex C:
<import namespace="http://www.opengis.net/gml/3.2" schemalLocation="../gml.xsd"/>
21.5.2 Useridefined topology types and topology property types
21.5.2.1 User-defined topology types
Authors of application schemas may create their own topology types if GML lacks the desired construct. To do
this, authors|shall ensure that the(object elements of these concrete topology types are in the substifution
group (eitherldirectly or indirectly)-of the corresponding GML object element: gm1 : AbstractTopology
Any user-defined topology-subtypes shall inherit the elements and attributes of the base GML topology fypes
without restriction, but may extend these base types to meet application requirements, such as providing a
finer degree pf interoperability with legacy systems and data sets.
All rules spegified. in Clauses 7 and 13 shall be followed.

21.5.2.2 User-defined topology property types

Furthermore, authors of application schemas may create their own (directed) topology property types that
encapsulate topology types they have defined in accordance with Clause 13. They shall ensure that these
properties follow the rules described in 21.2.6. In addition, the target type shall be a bona fide topology
construct.

A topology property type may be a restriction of an existing topology property type.
A topology property type may support the choice between an inline or a by-reference semantic or it may

restrict the use to either inline (prohibit the use of the Xlink attributes) or by-reference (prohibit the
containment of the geometry in the feature).

214 © 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

21.6

ISO 19136:2007(E)

Schemas defining time

21.6.1 Import GML temporal schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gm1 : AbstractTimeObject element and all schema
components used by this element.

NOTE
gml:AbstractTimeObject.

Typically additional temporal schema components are required besides those

gml:TimeInstantPropertyType will typically be part of the profile.

required by

In practice, especially concrete elements and types like gml:TimeInstant and

21.6.

21.6.

Authgrs of application schemas may create their own temporal types if GML lacks.the desired cor
huthors shall ensure that the object elements of these concrete temporal types are in the substitution

this,
grouy

Any Wiser-defined temporal subtype shall inherit the elements and atfributes of the base GML te|
ut restriction, but may extend these base types to meet application requirements, such a$
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finer
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21.6.
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A tempporal property type may be a restrietion of an existing temporal property type.
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restri
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21.7

P User-defined temporal types and temporal property types

.1 User-defined temporal types

(either directly or indirectly) of the corresponding GML object elementigml : AbstractTim

Hegree of interoperability with legacy systems and data sets:

es specified in Clauses 7 and 14 shall be followed.

.2 User-defined temporal property types

ermore, authors of application schemas may-\create their own temporal property types that
bral types they have defined in accordance.with Clause 14. They shall ensure that these pro
les described in 21.2.6. In addition, the.target type shall be a bona fide temporal construct.

nporal property type may support the choice between an inline or a by-reference semar
ct the use to either inline (prohibit the use of the Xlink attributes) or by-reference
inment of the geometryin the feature).

Schemas defining coordinate reference systems

21.7.

Man
whe

Introduection

of thereoncrete XML elements defined in the CRS Schemas may be used without Applicati
ever'no content extenS|ons or restrictions are needed. An Application Schema shaII be us

struct. To do
eObject.

mporal types
providing a

encapsulate
berties follow

tic or it may
(prohibit the

bn Schemas,
ed whenever

d restrictions.

That is, an Appllcatlon Schema should be deflned to extend and/or restrlct elements as needed for a specific
application, or a set of applications, to:

t

hat application.

confusing for that application.

elements that will be instantiated many times.
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Add elements to contents of existing elements, for recording additional data about that item needed for

Restrict the multiplicity of current contents elements, to eliminate flexibility not needed and perhaps

Use a different element name, to be more easily understood in that specific application, primarily for

215


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

improve

interoperability.

interoperability.

Specify standard contents and contents patterns for selected elements and attributes, as needed to

Specify standard XML and other documents to be referenced or otherwise used, as needed to improve

Application Schemas may thus be used for XML document contents extensions, restrictions, or both. Contents
extension is expected to be often used to record additional data needed for applications. Contents restriction
is expected to be frequently used to restrict contents, in order to increase interoperability and reduce
ambiguity when greater flexibility is not needed for applications. Extensions of existing concrete elements may
be defined by extending that concrete element. In many cases, restrictions of existing concrete elements may

be done by €
different but

An Applicatig
elements an
not required.
in Clause 12

Application §
needed. Hoy
defined if ths
use an existi
are believed
element tha
UserDefined

The Converg
known coord
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when many
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NOTE TH

21.7.2 Impoft GML coordinate reference system schema components

The applicat
from the ap|
element and

NOTE
gml:Abstra

tion Schema.

Typically additional coordinate reference system schema components are required besides those requi
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corresponding extensions.

n Schema may specify a single top-level element for use in an XML document,. with the
i types that it uses. That single top-level XML element may be an object with identity, but 1
Such an Application Schema will import and build upon the XML Schema components spe

chemas could define additional concrete elements using or extending‘other abstract eleme
vever, an additional concrete element using or extending an abstract element should n
t concrete element is largely similar to an existing element, and thus probably should exte]
Ng concrete element. In many cases, the existing concrete elements that use an abstract elg
to be largely exhaustive. This is particularly true when the existing concrete elements includ
is quite general, such as the elements EngineeringCRS, DerivedCRS, EngineeringD
CS, OperationParameter, and OperationParameterGroup.

ion, Transformation, ParameterValue, and ParameterValueGroup elements may be used for
inate operation methods, especially when onlysone instance of that element is needed fo
thod. However, these elements should not be used for well-known coordinate operation me
nstances of that element are needed for.ane operation method. Instead, an Application Sc
operation-method-specialized element.names and contents should be prepared for each
thod. For interoperability, a suitable geospatial information community should standardize

is use of Application Schemas-follows the patterns used in Feature Application Schemas.

on schema shallCimport the GML schema as described in 21.2.3. Any GML profile referg
plication schefa’ shall include at least the gml:AbstractCoordinateReferenceSy)
all schema edmponents used by this element.
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21.8 Schemas defining coverages

21.8.1 Introduction

The following subclauses define the rules for the construction of GML application schemas for coverages.
Coverages are described in Clause 19. Note that coverages are features and hence the rules of 21.3 above

apply also to
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2 Import GML coverage schema components

The application schema shall import the GML schema as described in 21.2.3. Any GML profile referenced
from the application schema shall include at least the gml :AbstractCoverage element and all schema
components used by this element.

NOTE

Typically additional coverage schema components are required besides those

required by

gml:AbstractCoverage. In practice, especially concrete elements and types like gml :RectifiedGridCoverage will
typically be part of the profile, too.

21.8.

All ge
i.e. th

Authgrs of application schemas may create their own coverage types if GML lacks the-desired

do th
(eithe
gml

NOTH
the fe

NOTEH
gml:
and ¢

Any Uiser-defined coverage subtype shall inherit the elements and attributes of the base GML co|

witho
finer
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21.8.4 Range parameters shall be substitutable for AbstractValue

The
range
range

inclugle

gml

gml

JJAbstractDiscreteCoverage Or gml:AbstractContinuousCoverage.

3 User-defined coverage types

ographic coverages in the GML application schema shall be declared as global elements in
ey shall be child elements of the XML Schema <schema> element.

is, authors shall ensure that the object elements of these coverage types are in the subs
r directly or indirectly) of the corresponding GML ‘'ebject elem

1 These elements are indirectly in the substitution group of gm1 : AbstractFeature and hence {
ature model is satisfied.

2  This International Standard provides the concrete ‘cOverage types gml:MultiPoli
MultiCurveCoverage, gml:MultiSurfaceCoverage, gmi:MultiSolidCoverage, gml:GH
1:RectifiedGridCoverage. Application coverages may derive from any of these as well.

ut restriction, but may extend these base types-to meet application requirements, such a
Hegree of interoperability with legacy systems\and data sets.

es specified in Clauses 7, 9 and 19 shall.be followed.

coverage application schemayshall define or import the definitions for all range parameter
parameter shall be substitutable for gml : AbstractvValue as defined in 16.4. Note that th
parameter to take on_aywide range of types. Note further that the schema components spe
several abstraCt subtypes that are substitutable for

ml ;Gategory (the content model is specified by gm1 : CodeType)

gml:AbstractvValug¢
:jAbstractScalaValue and gml:AbstractValueList. Concrete scalar and value lig
subsfiitution group~head elements, are also provided (substitutable for gml:AbstractScal
JabstractValuelist) and include:
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construct. To
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pnt: either

he condition of
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:Quantity (the content model is specified by gm1 : MeasureType)

: Count (the content model is specified by gm1 : CountType)

:Boolean (the content model is specified by gml : BooleanType)

To define the range parameters in a Coverage Application Schema, refer to 16.4.
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:QuantityList (the content model is specified by gml :MeasureOrNilReasonListType)

217


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

EXAMPLE

Typical examples of the use of the value types in the development of a GML coverage can be found in
19.3, and are summarized in Table 8.

Table 8 — Range parameters for coverage schemas

(agronomy)

Coverage Range parameter Definition in GML
Temperature Distribution Temperature Would be derived from
th gml :MeasureOrNilReasonListType and made
(weather) substitutable for gm1 :measure defined in 16.3.2.
Soil type distfibution Soil type Would be derived from gml:CategoryType,and

made substitutable for gml : Category. Weak
reference to an enumeration of soil types:

Multi-spectra

(remote sens

Reflectance in each spectral
band.

optical image Would be derived from gml : Quantit§yListTyy

ng)

and made substitutable for gm1 : QtantityList.

Distribution o
cases.

(epidemiolog

Would be derived from
gml:integerOrNilReasorList, and made
substitutable for gml :CoufitList.

West Nile Virus CaseCount

~

21.8.5 Coverage document

A coverage
shall be a co
are coverage

21.9 Schemas defining observations

21.9.1 Intro

The followin
described in
accordance

21.9.2 Impoft GML observation schema components

The applicat
from the apg
components

21.9.3 User

All observati
schema, i.e.

Hocument is defined by a corresponding coverage schema. The root element of this docu
verage defined in this schema or may be a feature collection as described in 9.9 whose mer
S.

Huction

j subclauses describe how to create’ an observation application schema. Observation
Clause 18. An observation application schema defines one or more types of observati
vith the following rules.

on schema shall import the GML schema as described in 21.2.3. Any GML profile referg
plication schema-shall include at least the gml:Observation element and all sc
used by this element.

defined observation types

bn types defined in the GML application schema shall be declared as global elements i
theysshall be child elements of the XML Schema <schema> element. The content model for

ment
hbers

5 are
pn in

nced
hema

h the
such

global eleme]

hts-shall derive by extension either directly or indirectly from gml : ObservationTvype.

Authors of application schemas may create their own observation types if GML lacks the desired construct. To
do this, authors shall ensure that the object elements of these observation types are in the substitution group
(either directly or indirectly) of the corresponding GML object element: gm1 : Observation.

NOTE 1 These elements are indirectly in the substitution group of gm1 : AbstractFeature and hence the condition of
the feature model is satisfied.

NOTE 2 This International Standard provides the concrete simple observation types gml:Observation,
gml:DirectedObservation and gml:DirectedObservationAtDistance. Application observation types may
derive from any of these as well.

All rules specified in Clauses 7, 9 and 18 shall be followed.
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21.9.4 Observation collections

All observation collections in the GML application schema shall be declared as global elements in the schema,
i.e. they shall be child elements of the XML Schema <schema> element. An observation collection shall be a
feature collection as described in 9.9 whose members are observations.

21.9.5 Observations are features

An observation defined in an application schema shall conform to the rules respecting GML features as
described in Clause 9 and Clause 7. See also 21.3.4.

21.9.p Observation collection document

Following the rules for GML documents (see 21.1), an Observation Collection document mpy reference
obsefvations that are defined in any number of GML application schemas and these may ‘define [observations
only, [observation collections or any combination of the same.

21.10 Schemas defining dictionaries and definitions

21.10.1 Introduction

The following subclauses describe how to create an applicatioh schema for definitions. Ddfinitions and
dictignaries are described in Clause 15. One set of specialized{definitions is built in to GML]| for units of
meagure, and serves as an example of how to derive specialized definition components.

An application schema for definitions defines one or mareé-types of definition in accordance with [the following
rules

21.1Q.2 Import GML dictionary schema components

The g@pplication schema shall import the. GML schema as described in 21.2.3. Any GML profile referenced

from
used

21.1(

All de
immg
elem

the application schema shall include at least the gml : Definition element and all schema
by this element.

.3 User-defined definition'types

finitions in the application schema shall be declared as global elements in the schema, i.e.
diate child elements” of the XML Schema <schema> element. The content model for
ents shall derive either directly or indirectly from gml:DefinitionType.

Authgrs of application schemas may create their own definition types if GML lacks the desired

do th
(eithg

is, authors”shall ensure that the object elements of these definition types are in the subs
r directly or indirectly) of the corresponding GML object element: gm1 :Definition.

components

they shall be
such global

construct. To
itution group

All ru
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21.10.4 User-defined dictionary types

A dictionary in the application schema shall be declared as a global element in the schema, that is it shall be a
child element of the XML Schema <schema> element. The content model for such global elements shall
derive either directly or indirectly from gml :DictionaryType.

Authors of application schemas may create their own dictionary types if GML lacks the desired construct. To
do this, authors shall ensure that the object elements of these definition types are in the substitution group
(either directly or indirectly) of the corresponding GML object element: gml : Dictionary.

All rules specified in Clauses 7 and 15 shall be followed.
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21.11 Schemas defining values

21.11.1

Introduction

GML allows for user defined value types. Such value types may be used to express the property types of
feature and other types of GML object. The basic root types for user-defined values are defined in 7.2.2.1. An
alternative form for the expression of values is contained in 16.4. This is used mainly to provide values for the
gml:resultOf parameter for an observation.

21.11.2 Import GML value objects schema components
The applicatjon schema shall import the GML schema as described in 21.2.3. Any GML profile reférgnced
from the application schema shall include at least the gm1 : Value group and all schema components.usgd by
this element.
21.11.3 Construction of new value types
New value types may be created by derivation (typically by restriction) from any of (the root types shown in
Table 9.
Table 9 — Construction of new value types

Cgntent model Description
gml:MeasurkType A numerical quantity with a unit.of.fneasure (uom)
gml:CategofryType A classification
gml :CountTlype A count of occurrences,.incidences etc.
Some standgrd value types can be found in the schema components specified in 16.3.
21.12 GML profiles of the GML schema
Typically a GML application schema will.only require a limited subset of the schema components of the|GML
schema. It i recommended to identify’and document the GML profile, see Clause 20, required by a|GML
application sichema. Subclauses,21.3 to 21.11 contain some guidelines which schema components may be
required depgnding on the type-of-the GML application schema.
NOTE 1 Annex G contains’a“method to automatically create a GML profile based on a list of schema compgnents
explicitly required by a GML‘application schema.
As a starting|point;-consider the following guidelines:
a) In an application schema modelling geographic features, gml:AbstractFeature and all schema

components required by this element are required. See Clause 9.

b) In an application schema modelling also feature collections, gml : AbstractFeatureMemberType and
gml :AggregationAttributeGroup are required, too, as well as all schema components required by

them. See Clause 7.

c) If the features have properties which make use of units of measure, gml :MeasureType and all specific
subtypes, e.g. gml : LengthType, are required as well as all schema components required by them (see
Clause 8). gml:BaseUnit, gml:DerivedUnit, and/or gml:ConventionalUnit (and all schema
components required by them, see Clause 16) are not required unless the application is defining units of
measure such as appear in a units of measure dictionary.

220
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If the application schema uses 0-dimensional spatial geometries, gm1 : Point is required (and all schema
components required by it). See Clause 10.

If the application schema uses only simple 1-dimensional spatial geometries with linear interpolation, only
gml:LineString is required (and all schema components required by it). See Clause 10.

If the application schema uses additional interpolation types, gml:Curve and any number of curve
segments depending on the application (but at least one) are required. Again, this includes all schema
components required by these elements. See 10.5.10.

If the application schema uses only simple 2-dimensional spatial geometries with linear interpolation
long their boundaries without sharing boundary elements, only gmI:Polygon and gml:}inearRing
re required (and all schema components required by them). See Clause 10.

If the application schema uses additional interpolation types or surface patches, gml.YSurflace and any

umber of surface patches depending on the application (but at least one) are required. If qurfaces shall
ghare geometric primitives along their boundaries, gm1:Ring is required, 0. Again, thig includes all
gchema components required by these elements. See 10.5.10.
If the application schema uses 3-dimensional spatial geometries, gml :'Sg11id is required (arld all schema
¢omponents required by it). See 10.5.10.

The geometric aggregates schema components described in~Clause 11 are required only, if the features
Use geometric objects that are collections of geometric primitives in their spatial properties.

The geometric complex and composites schema components described in Clause 11 are required only, if
the features use geometric complexes in their spatial‘properties.

The topology schema components described in‘Clause 13 are required only, if the features have topology
properties.
The Coordinate Reference System schema components described in Clause 12 are requirgd only, if the
application requires constructing orprocessing Coordinate Reference System dictionary entrjes (and their
supporting components).

'he temporal schemas_described in Clause 14 is required only, if the application schema |s concerned
with time dependent.feature properties or dynamic features.

The coverage schema components described in Clause 19 are required only, if the applicdtion involves
gonstructing\or'processing coverages.

EXAMPLE 2 Remotely sensed images, aerial photographs, soil distribution, digital elevation modgls are typical

coverpges.

P)

he observation schema components described in Clause 18 are required only, if the application schema
is concerned with modelling acts of observation such as taking photographs or making measurements. In
the latter case, value objects and measure schema components are in most cases required, too.

The direction schema components described in Clause 17 are required only, if the application schema
requires direction constructs such as compass bearings. The direction schema is used by
gml:DirectedObservation.

Property elements whose content model is derived by extension from
gml:AbstractMetadataPropertyType, see 7.2.6, is used to specify application or object specific
metadata application schemas.
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NOTE 2 In many applications, you will only need to import the feature.xsd of Annex C as this transitively imports the
simple geometry schemas and gmiBase.xsd. For a thorough discussion of schema dependencies and modularity see

Annex J.
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Abstract test suites for GML application schemas, GML profiles and GML

AA1

A.1.1

A.1.1.1 Use of XML namespaces

A.1.1.2 General rules

A.1.1.3 Import of GML schema components

c)

d)

Test Purpose: Verify the correct use of XML namespaces in a GML application schema.

Test Method: Check that all schema components in the application schema are associated

Test Type: Basic Test.

Test Purpose: Verify that the GML applicatien schema obeys the general rules for cons

documents

Abstract e for-Gtt et I

Test cases for mandatory conformance requirements

mamespace and that this namespace is not "http://www.opengis.net/gml/3.2".

Reference: ISO 19136:2007, 21.2.2.

application schemas.

Test Method: Inspect the application.schema and check that it satisfies the general rules
21.2.1.

Reference: ISO 19136:2007; 21.2.1.

Test Type: Capability Test:

profiles correctly.

Test*"Method: Inspect the import statements in the application schema (the full GML sche

with an XML

ructing GML

described in

Test Purposer-Verify that the GML application schema imports the full GML schema and ref¢rences GML

ma must be

directly or indirectly imported). In addition, if one or more GML profiles are referenced, check that the

XML Schema components specified in the gml:gmlProfileSchema elements satisfy all mandatory

conformance requirements of the Abstract Test Suite in A.2.1.
Reference: ISO 19136:2007, 20.5, 21.2.3.

Test Type: Capability Test.

A.1.1.4 Valid XML Schema

a)

Test Purpose: Verify the validity of the GML application schema XML document against the XML Schema

specification.
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b)

c)

d)

Test Method: Validate the XML document of the GML application schema against the XML Schema
specification. The process may be using an appropriate software tool for validation or be a manual
process that checks all relevant definitions from the XML Schema specification.

Reference: ISO 19136:2007, 21.2; W3C XML Schema Part 1, W3C XML Schema Part 2 (see Clause 3).

Test Type: Capability Test.

A.1.1.5 Support for the GML model and syntax

a)

b)
c)

d)

A.1.1.6 Supstitution group of object elements, type derivation

a)

b)

c)

d)

A.1.1.7 Property elements are not object elements

a)

b)

c)

d)

A.1.1.8 Cantent.model of property elements

a)
b)
c)

d)

Test Purpose: Verify that the GML application schema follows the rules for the encoding of objects and
propertigs.

Test Method: Check the application schema.
Referenge: ISO 19136:2007, 7.1, Clause 21.

Test Type: Capability Test.

Test Purpose: Verify that all objects in the GML application schema are-in(the correct substitution grqup.
Test Method: Check the application schema that all object elements.with identity are (directly or indirectly)
in the sybstitution group of gml:AbstractGML. Check that the rules.for derivation from base types stajed in
A.1.1.6 ¢) are followed.

Referenge: ISO 19136:2007, 6.2, 7.2.2, 21.2.4, 21.2.5.

Test Type: Capability Test.

Test Purpose: Verify that all property elements in the GML application schema are not objects.

Test Method: Check the application-schema that every child element of every object element is neither
directly ¢r indirectly in the substitution group of gml:AbstractObject.

Referenge: ISO 19136:2007,:7.2.2, 21.2.5.

Test Type: Capability Test.

Test Purpese: Verify that all property elements in the GML application schema have a valid content model.

Test Method: Check every child element of every object element in the application schema.
Reference: ISO 19136:2007, 7.2.3, 21.2.6, 21.2.7.

Test Type: Capability Test.

A.1.1.9 Metadata and data quality properties

a)
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Test Purpose: Verify that all properties where the value is metadata about an object can be identified as a
metadata property.
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Test Method: Check the GML application schema that the content model of all metadata valued property
elements is derived by extension from gml:AbstractMetadataPropertyType.

Reference: ISO 19136:2007, 7.2.6.

Test Type: Capability Test.

A.1.1.10 Spatial geometry properties

a)

A.1.1.11 Spatial topology properties

A.1.1.12 Temporal properties

A.1.1.13 Location properties

Test Purpose: Verify that all properties where the value is a spatial geometry object can be identified as
such.

Test Method: Check the GML application schema that all properties with a geometric| object or a
¢ollection of such objects are declared in accordance with 9.5.

Reference: ISO 19136:2007, 9.5.

Test Type: Capability Test.

Test Purpose: Verify that all properties where the value is a spatial topology object can be|identified as
such.

Test Method: Check the GML application schema thatJall properties with a topologicall object or a
¢ollection of such objects are declared in accordance with 9.6.

Reference: ISO 19136:2007, 9.6.

Test Type: Capability Test.

Test Purpose: Verify that all properties where the value is a temporal object can be identified|as such.

Test Method: Check the GMt"application schema that all properties with a temporal object dr a collection
of such objects are declared in accordance with 9.7.

Reference: ISO 19136:2007, 9.7.

Test Type: Capability Test.

Test Purpose: Verify that all properties where the value is a location description or reference can be
identitied as such.

Test Method: Check the GML application schema that all properties with spatial references by geographic
identifiers use the property elements gml:locationName or gml:locationReference.

Reference: ISO 19136:2007, 9.4.2.

Test Type: Capability Test.

A.1.1.14 GML object collections

a)

Test Purpose: Verify that all objects that are collections of GML objects can be identified as such.
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b)

c)

d)

Test Method: Check the GML application schema that such objects have one or more property elements
with a content model that extend gml:AbstractMemberType. Check also that, if appropriate, the
gml:aggregationType attribute is a child node of the object element.

Reference: 1ISO 19136:2007, 7.2.5.

Test Type: Capability Test.

A.1.1.15 Substitution group of feature elements

a)

b)

c)

d)

A.1.1.16 GNML feature collections

a)

b)

c)

d)

A.1.2 Test|cases for GML application schemas converted from an ISO 19109 Application
Schema in|UML

A.1.21 Valid ISO 19109 Application(Schema

a)

b)

c)

d)

Test Purpose: Verify that all features in the GML application schema are in the correct substitution group.

Test Method: Check the application schema that all object elements representing features are (diregtly or
indirectly) in the substitution group of gml:AbstractFeature.

Referenge: ISO 19136:2007, 9.3.

Test Type: Capability Test.

Test Purpose: Verify that all features that are collections of GML Features can be identified as such.
Test Method: Check the GML application schema that such features have one or more property elements
with a cpntent model that extends gml:AbstractFeatureMemberType. Check also that, if appropriatg, the
gml:aggfegationType attribute is a child node of the object element.
Referenge: ISO 19136:2007, 9.9.

Test Type: Capability Test.

Test Pugpose: If the GML application schema is mapped from an ISO 19109 Application Schema in UML,
verify that the UML application’schema satisfies the requirements of ISO 19109.

Test Method: Check the'eonformance of the UML application schema with ISO 19109 and check that the
UML application schema has been constructed in accordance with E.2.1.

Referenge: 1ISO19109:2005, Clause 2, Annex A; ISO 19136:2007, E.2.1.

Test Type:ZCapability Test.

A.1.2.2 Mapping from an ISO 19109 Application Schema in UML

a)

b)

c)

d)

226

Test Purpose: If the ISO 19109 Application Schema in UML satisfies the requirements stated in A.1.2,
verify that the GML application schema has been derived from the UML application schema correctly.

Test Method: Compare both descriptions of the application schema and check whether the conversion
from UML to XML Schema is in accordance with the conversion rules in E.2.4.

Reference: ISO 19136:2007, E.2.4.

Test Type: Capability Test.

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

A.1.3 Test cases for ISO 19109 Application Schemas in UML converted from a GML
application schema

A.1.3.1 Valid GML application schema

a) Test Purpose: If the GML application schema is mapped to an ISO 19109 Application Schema in UML,
verify that the GML application schema has been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with F.2.1.

c) Reference: ISO 19136:2007, F.2.1.

d) Test Type: Capability Test.
A.1.3.2 Mapping to an ISO 19109 Application Schema in UML

a) Test Purpose: If the GML application schema satisfies the requirements stated in A.1.3, verify that the
ISO 19109 Application Schema in UML has been derived from the GML application schema ¢orrectly.

b) Test Method: Compare both descriptions of the application schema.and check whether the conversion
from XML Schema to UML is in accordance with the conversion rules’in F.2.3.

c) [Reference: ISO 19136:2007, F.2.3.

d) Test Type: Capability Test.

A.1.4 GML application schemas defining features and feature collections

a) Test Purpose: If the GML application schema defines features, verify that the GML applicgtion schema
fhas been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with 21.3.
c) Reference: ISO 19136:2007, 21:3.

d) Test Type: Capability Test.

A.1.5 GML application-schemas defining spatial geometries

a) Test Purposeldf'the GML application schema defines spatial geometric objects, verify that the GML
pplication.sehema has been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with 21.4.

c) eference: SO 19136:2007, 21.4

d) Test Type: Capability Test.

A.1.6 GML application schemas defining spatial topologies

a) Test Purpose: If the GML application schema defines spatial topology objects, verify that the GML
application schema has been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with 21.5.

c) Reference: ISO 19136:2007, 21.5.
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d) Test Type: Capability Test.

A.1.7 GML

application schemas defining time

a) Test Purpose: If the GML application schema defines temporal objects, verify that the GML application

schema

has been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with 21.6.

c) Reference: ISO 19136:2007, 21.6.

d) Test Ty

A.1.8 GML

a) Test Pugpose: If the GML application schema defines coordinate reference system objeets, verify th

GML ap
b) TestMe
c) Referen

d) Test Ty

A.1.9 GML

a) TestPu
schema

b) TestMe
c) Referen

d) Test Ty

A.1.10 GMI

a) Test Pu
applicati

b) TestMe

c) Referen

e: Capability Test.

application schemas defining coordinate reference systems

blication schema has been constructed correctly.

ce: ISO 19136:2007, 21.7.

e: Capability Test.

application schemas defining coverages

pose: If the GML application schema defines coyerage features, verify that the GML applig
has been constructed correctly.

ce: 1ISO 19136:2007, 21.8.

e: Capability Test.

| application schemas-defining observations

'pose: If the GML-application schema defines simple observation features, verify that the
pn schema has/been constructed correctly.

Ce: 1SO-19136:2007, 21.9.

d) Test Type:Capabhility Test

hod: Check that the GML application schema has been constructed in @eccordance with 21.7.

hod: Check that the GML application schema has been constructed in accordance with 21.8.

hod: Check\that the GML application schema has been constructed in accordance with 21.9.

ht the

ation

GML

A.1.11 GML application schemas defining dictionaries and definitions

a) Test Purpose: If the GML application schema defines dictionary and definition objects, verify that the GML

applicati

on schema has been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with 21.10.

c) Referen

ce: ISO 19136:2007, 21.10.

d) Test Type: Capability Test.
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A.1.12 GML application schemas defining values

a) Test Purpose: If the GML application schema defines value objects, verify that the GML application
schema has been constructed correctly.

b) Test Method: Check that the GML application schema has been constructed in accordance with 21.11.
c) Reference: ISO 19136:2007, 21.11.

d) Test Type: Capability Test.

A.2 (Abstract test suite for GML profiles

A.2.1 Valid GML profile

a) Test Purpose: Verify that a profile is a GML profile in accordance with the rules and guidelihes stated in
Clause 20 and 21.12.

b) Test Method: Inspect the profile.
c) [Reference: ISO 19136:2007, Clause 20, 21.12.

d) Test Type: Capability Test.
A.2.2 Geometric primitives (spatial)
A.2.21 Data types for geometric primitives

A.2.21.1 Data types for 0-dimensional geometry
a) Test Purpose: Verify that a GML profile includes gml:Point and gml:PointPropertyType. If the¢ GML profile
also includes gml:MultiPoint, yerify that it includes gml:MultiPointPropertyType. Verify that all non-
deprecated properties of the.abject elements are part of the profile with a maxOccurs value of at least "1".
b) Test Method: Inspect the profile.

c) [Reference: ISO, 19186 10.3, 11.3.2.

d) Test Type: Capability Test.

A.2.2.1.2 _‘Data types for 1-dimensional geometry
a) Test Purpose: Verify that the GML profile satisfies all the requirements of A.2.2.1.1 &nd includes
mI-Curve, gmiLinesStringsSegment, gmi:LINeStRiNng, and gmi-CurvePTopertyType. It the GML profile also

includes gml:MultiCurve, verify that it includes gml:MultiCurvePropertyType. Verify that all non-
deprecated properties of the object elements are part of the profile with a maxOccurs value of at least "1".

b) Test Method: Inspect the profile.
c) Reference: 1ISO 19136:2007, A.2.2.1.1, 10.4.1, 10.4.2, 10.4.4, 10.4.5, 10.4.7, 10.4.7.4 t0 10.4.7.21, 11.3.3.

d) Test Type: Capability Test.
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A.2.2.1.3 Data types for 2-dimensional geometry

a)

b)

c)

d)

A.2.2.1.4 Data types for 3-dimensional geometry

a)

b)
c)

d)

A.2.3 Geometric complexes (spatial)
A.2.3.1 Data types for geometric complexes

A.2.311 ata types for 1-dimensional geometric complexes

a)

b)
c)

d)

Test Purpose: Verify that the GML profile satisfies all the requirements of A.2.2.1.2 and includes
gml:Surface, gml:PolygonPatch, gml:Polygon, gml:SurfacePropertyType, gml:LinearRing, and gml:Ring. If
the GML profile also includes gml:MultiSurface, verify that it includes gml:MultiSurfacePropertyType.
Verify that all non-deprecated properties of the object elements are part of the profile with a maxOccurs
value of at least "1".

Test Method: Inspect the profile.

Reference: ISO 19136:2007, A.2.2.1.2, 10.5.1, 10.5.2, 10.5.4 to 10.5.9, 10.5.10, 10.5.11.1, 10.5.12.4 to
10.5.11.54H3+4-

Test Type: Capability Test.

Test Pufpose: Verify that the GML profile satisfies all the requirements of A.2.2.1.3 and includes gml|Solid,
gml:SoligPropertyType, and gml:Shell. If the GML profile also includes gml:MultiSolid, verify that it
includes| gml:MultiSolidPropertyType. Verify that all non-deprecated properties.of' the object elemenis are
part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Referenge: ISO 19136:2007, A.2.2.1.3, 10.6.1, 10.6.2, 10.6.4 t0,10,6.6, 11.3.5.

Test Type: Capability Test.

Test Pdrpose: Verify that the GML) profile satisfies all the requirements of A.2.2.1.2 and incjudes
gml:CompositeCurve, gml:OrientableCurve, gml:GeometricComplex, and
gml:GedmetricComplexPropertyType. Verify that all non-deprecated properties of the object elements are
part of the profile with a max@gcurs value of at least "1".

Test Method: Inspect the profile.

Referenge: ISO 19136:2007, A.2.2.1.2, 10.4.6, 11.2.1.1, 11.2.1.2, 11.2.2.1, 11.2.2.2.

Test Type: €apability Test.

A.2.3.1.2 Data types for 2-dimensional geometric complexes

a)

b)

d)

230

Test Purpose: Verify that the GML profile satisfies all the requirements of A.2.2.1.3 and A.2.3.1.1 and
includes gml:CompositeSurface and gml:OrientableSurface. Verify that all non-deprecated properties of
the object elements are part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Reference: ISO 19136:2007, A.2.2.1.3, A.2.3.1.1, 10.5.11, 11.2.2.3.

Test Type: Capability Test.
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A.2.3.1.3 Data types for 3-dimensional geometric complexes

a) Test Purpose: Verify that the GML profile satisfies all the requirements of A.2.2.1.4 and A.2.3.1.2 and
includes gml:CompositeSolid. Verify that all non-deprecated properties of the object elements are part of
the profile with a maxOccurs value of at least "1".

b) Test Method: Inspect the profile.

c) Reference: ISO 19136:2007, A.2.2.1.4, A.2.3.1.2, 11.2.2.4.

d) Test Type: Capability Test.

A.2.4 Topologic complexes (spatial)
A.2.41 Data types for topologic complexes

A.2.41.1 Data types for 1-dimensional topologic complexes

a) Test Purpose: Verify that the GML profile includes gml:TopoComplex;“gml:TopoComplexHropertyType,

gml:Node, gml:directedNode, gml:Edge, and gml:directedEdge. Verify that all non-deprecated properties

of the object elements are part of the profile with a maxOgcurs value of at least "1" except for

gml:pointProperty in gml:Node and gml:curveProperty in gml:Edge.

b) Test Method: Inspect the profile.

c) Reference: ISO 19136:2007, 13.2, 13.3.1, 13.3.2, 13333, 13.5.

d) Test Type: Capability Test.

A.2.41.2 Data types for 2-dimensional topologic complexes

a) Test Purpose: Verify that the GML-profile satisfies all requirements of A.2.4.1.1 and includes gml:Face,
nd gml:directedFace. Verify that all non-deprecated properties of the object elements arg part of the

Irofile with a maxOccurs valug 'of at least "1" except for gml:surfaceProperty in gml:Face.

b) Test Method: Inspect the profile.

c) [Reference: ISO 19136:2007, A.2.4.1.1, 13.3.4.

d) Test Type: Capability Test.

A.2.41.3 Data types for 3-dimensional topologic complexes

a) est Purpose Verify that the GML proflle sat|sf|es all requirements of A.2.4. 1 2 and includes
: f the object
elements are part of the profile with a maxOccurs value of at least "1" except for gml:solidProperty in
gml:TopoSolid.

b) Test Method: Inspect the profile.
c) Reference: ISO 19136:2007, A.2.4.1.2, 13.3.5.

d) Test Type: Capability Test.
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A.2.5 Topologic complexes with geometric realization (spatial)
A.2.5.1 Data types for topologic complexes with geometric realization

A.2.5.1.1 Data types for 1-dimensional topologic complexes with geometric realization

a) Test Purpose: Verify that the GML profile satisfies all requirements of A.2.2.1.1, A.2.2.1.2 and A.2.4.1.1.
Verify that it includes the properties gml:pointProperty in gml:Node and gml:curveProperty in gml:Edge
with a maxOccurs value of at least "1".

b) Test Method: Inspect the profile.

c) Referenge: ISO 19136:2007, A.2.2.1.1, A.2.2.1.2, A.2.41.1,13.3.2, 13.3.3.

d) Test Typge: Capability Test.

A.2.5.1.2 Data types for 2-dimensional topologic complexes with geometric realization

a) Test Pufpose: Verify that the GML profile satisfies all requirements of A.2.2.1.3-and A.2.4.1.2. Verify that
it includgs the property gml:surfaceProperty in gml:Face with a maxOccurs value of at least "1".

b) Test Method: Inspect the profile.
c) Referenge: ISO 19136:2007, A.2.2.1.3, A.2.4.1.2, 13.3.4.

d) Test Typge: Capability Test.

A.2.5.1.3 Data types for 3-dimensional topologic complexes with geometric realization

a) Test Pufpose: Verify that the GML profile satisfies all requirements of A.2.2.1.4 and A.2.4.1.3. Verify that
it includgs the property gml:solidProperty in gmliTopoSolid with a maxOccurs value of at least "1".

b) Test Method: Inspect the profile.
c) Referenge: ISO 19136:2007, A.2.2.4.4,A.2.4.1.3, 13.3.5.

d) Test Typge: Capability Test.

A.2.6 Coorndinate reference’systems

a) Test Pufpose: Verify that the GML profile contains all schema components defined in Clause 12 that are
identified as mandatory or mandatory under the conditions in accordance with ISO 19111.

b) Test Methed:\Inspect the profile.

c) Reference: ISO 19136:2007, Clause 12, 1ISO 19111:2007, Tables 1 to 41 and, in the case of projected
coordinate reference systems, Tables 42 to 56.

d) Test Type: Capability Test.

A.2.7 Coordinate operations

a) Test Purpose: Verify that the GML profile contains all schema components defined in 12.6 that are
identified as mandatory or mandatory under the conditions in accordance with ISO 19111.

b) Test Method: Inspect the profile.
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c) Reference: ISO 19136:2007, 12.6, ISO 19111:2007, Tables 42 to 56.

d) Test Type: Capability Test.
A.2.8 Temporal geometry

A.2.8.1 Data types for 0-dimensional geometry

a) Test Purpose: Verify that a GML profile includes gml:Timelnstant and gml:TimelnstantPropertyType.
Verify that all non-deprecated properties of the object elements are part of the profile with a maxOccurs
alue of at least "1".

b) Test Method: Inspect the profile.

c) Reference: ISO 19136:2007, 14.2.1.1, 14.2.1.2,14.2.1.4,14.2.2.2,14.2.2.3, 14.2,2.4,14.2.2]7.

d) Test Type: Capability Test.

A.2.8.2 Data types for 1-dimensional geometry

a) Test Purpose: Verify that a GML profile satisfies the requirements 0fA.2.8.1 and includes gml: TimePeriod
Ind gmI:Timel?erio_dPropertyType. Verify that all nop-:jeprecated properties of the object ¢lements are

art of the profile with a maxOccurs value of at least "1".

b) Test Method: Inspect the profile.

c) Reference: ISO 19136:2007, A.2.8.1, 14.2.2.5, 14.2.2.6.

d) Test Type: Capability Test.

A.2.9 Temporal topology

a) Test Purpose: Verify that a GML profile satisfies the requirements of A.2.8.2 and includes gml:TimeNode,

gml:TimeNodePropertyType, «gml:TimeEdge, gml:TimeEdgePropertyType, gml:TimeTopolpgyComplex,
nd gml:TimeTopologyComplexType. Verify that all non-deprecated properties of the object plements are

Iart of the profile with a maxOccurs value of at least "1".

b) Test Method: Inspectihe profile.

c) [Reference: IS© 19136:2007, 14.3.2.

d) Test Typéei Capability Test.

A.2.10-Temporal reference systems

a) Test Purpose: Verify that a GML profile includes gml:TimeReferenceSystem and at least one of
gml:TimeCoordinateSystem, gml:TimeCalendar, gml:TimeClock, gml:TimeOrdinalReferenceSystem.
Verify that all non-deprecated properties of the object elements are part of the profile with a maxOccurs
value of at least "1".

b) Test Method: Inspect the profile.

c) Reference: ISO 19136:2007, 14.4.

d) Test Type: Capability Test.
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A.2.11 Dynamic features

a)

b)
c)

d)

A.2.12 DictLonaries

a)

b)
c)

d)

A.2.13 Units dictionaries

a)

b)
c)

d)

A.2.14 Observations

a)

b)
c)

d)

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.8.2 and includes
gml:DynamicFeature, gml:AbstractTimeSlice, and gml:history. Verify that all non-deprecated properties of
the object elements are part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Reference: ISO 19136:2007, A.2.8.2, 14.5.

Test Type: Capability Test.

Test Pugpose: Verify that a GML profile includes gml:Dictionary. Verify that all non-deprecated propgrties
of the ohject elements are part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.
Referenge: ISO 19136:2007, Clause 15.

Test Type: Capability Test.

Test Purpose: Verify that a GML profile includes gml:UnitDigtiohary, gml:BaseUnit, gml:DerivedUni{, and
gml:ConyventionalUnit. Verify that all non-deprecated properties of the object elements are part ¢f the
profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.
Referenge: ISO 19136:2007, 16.2.

Test Type: Capability Test.

Test Pufpose: Verify that aCGML profile includes gml:Observation and gml:DirectedObservation. Verify
that all rfon-deprecated properties of the object elements are part of the profile with a maxOccurs value of
at least {1".

Test Method: Inspect the profile.
Referenge: 1S©.19136:2007, 17.1, 18.2.
Test Type:‘Capability Test.

A.2.15 Coverages

A.2.15.1 Abstract coverage

a)

b)
c)

d)

Test Purpose: Verify that a GML profile includes gml:AbstractCoverage. Verify that all non-deprecated
properties of the object elements are part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.
Reference: ISO 19136:2007, 16.4, 19.3.1, 19.3.4 to 19.3.21.

Test Type: Capability Test.
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A.2.15.2 Discrete point coverage

a)

A.2.15.3 Discrete curve coverage

A.2.15.4 Discrete surface coverage

A.2.15.5 Discrete solid coverage

b)
c)

d)

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and includes
gml:MultiPointCoverage. Verify that all non-deprecated properties of the object elements are part of the
profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Reference: ISO 19136:2007, A.2.15.1, 19.3.16.

Test Type: Capability Test.

Test Purpose: Verify that a GML profile satisfies the requirements of A;2.15.1 gnd includes
gml:MultiCurveCoverage. Verify that all non-deprecated properties of the object ‘elements afe part of the
profile with a maxOccurs value of at least "1".
Test Method: Inspect the profile.

Reference: ISO 19136:2007, A.2.15.1, 19.3.17.

Test Type: Capability Test.

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 gnd includes
gml:MultiSurfaceCoverage. Verify that all non-deprecated properties of the object elements gre part of the
profile with a maxOccurs value of at least "1".
Test Method: Inspect the profile.

Reference: ISO 19136:2007, A.2.15.1;19.3.18.

Test Type: Capability Test.

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 gnd includes
gml:MultiSurfaceCoverage. Verify that all non-deprecated properties of the object elements gre part of the
rofile with a maxOccurs value of at least "1".

est Methaod: Inspect the profile.
eference: ISO 19136:2007, A.2.15.1, 19.3.19.

+ T o IS I 4
restTypeCapadtity Test

A.2.15.6 Grid coverage

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and includes
gml:GridCoverage and gml:RectifiedGridCoverage. Verify that all non-deprecated properties of the object
elements are part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.
Reference: ISO 19136:2007, A.2.15.1, 19.3.20, 19.3.21.

Test Type: Capability Test.
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A.2.15.7 Continuous coverage

a)

b)
c)

d)

A.3 Abstrpct test suite for GML documents

A.3.1 Existence of a reference to an applicable GML application schema

a)

b)

c)

d)

A.3.2 Existence of the referenced GML application;schema

a)

b)

c)

d)

A.3.3 Confiormance ofthe referenced GML application schema

a)

b)
c)

d)

Test Purpose: Verify that a GML profile satisfies the requirements of A.2.15.1 and includes
gml:AbstractContinuousCoverage. Verify that all non-deprecated properties of the object elements are
part of the profile with a maxOccurs value of at least "1".

Test Method: Inspect the profile.

Reference: 1ISO 19136:2007, A.2.15.1, 19.3.3.

Test Type: Capability Test.

Test Purpose: To verify the existence of a reference to a GML application schema-applicable to the|GML
document.

Test Method: Check that an XML Schema file representing a GML application schema is referended in
the xsi:sghemalocation attribute of the root element of the GML documetit.

Referenge: ISO 19136:2007, 21.1.

Test Type: Basic Test.

Test Pufpose: To verify the existence of a GML application schema applicable to the GML document.
Test Method: Check that the XML Schema/file.representing the GML application schema referenced from
the GMLU document can be accessed. Check’that also all documents directly or indirectly accessed Qy the
referenced file can be accessed.

Referenge: ISO 19136:2007, 21.1.

Test Type: Basic Test.

Test Pufpose: Verify'that the GML application schema referenced from the GML document is confofmant
to this International Standard.

Test Method: Verify that the application schema has passed all of the applicable tests specified in A.|I.

Reference: ISO 19136:2007, A.1.

Test Type: Capability Test.

A.3.4 Valid XML

a)

b)

236

Test Purpose: Verify the validity of the GML document against the XML Schema components of the
conformant GML application schema.

Test Method: Validate GML document against the referenced GML application schema. The process may
be using an appropriate software tool for validation or be a manual process that checks all relevant
definitions from the XML Schema specification.
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c) Reference: ISO 19136:2007, 21.1.

d) Test Type: Capability Test.

A.3.5 Conformance of a GML document

a) Test Purpose: Verify that the GML document complies with all other constraints specified by this
International Standard.

b) Test Method: Check that the requirements A.3.1 to A.3.3 are satisfied, that the GML document satisfies
the requirements of A.3.4 and that it complies with all other constraints specified by this International
$tandard.

c) [RReference: ISO 19136:2007, Clauses 7 to 21, in particular 7.2.3.4, 10.1.3.2, 10.1.3.3,101.4 P, 16.4.11.

d) Test Type: Capability Test.
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Annex B
(normative)

Abstract test suite for software implementations

B.1 Test cases for mandatory conformance requirements

B.1.1 GML]| profile

a) Test Pufpose: Verify that a GML profile has been documented that is fully supported by:the soffware
implemgntation.

b) Test Method: Check the documentation of the software implementation to identify the profile. Chegk the
profile that is satisfies the requirements of the Abstract Test Suite in A.1.12\ Check further thgt the
softwargd implementation fully supports the profile and the semantics associated with all schema
components in the profile.

c) Referenge: ISO 19136:2007, A.1.12.

d) Test Typge: Capability Test.

B.1.2 Support for local simple Xlinks

a) Test Pufpose: If the software implementation has the capability to process GML object elements in| XML
format, Yerify that an implementation supports references to other objects within the same GML docyment.

b) Test Mgthod: Check that the implementation ;can process property instances that use the xlink:href
attribute|with a content of a shorthand Xpointer pointing to a resource within the same XML documer

—

c) Referenge: ISO 19136:2007, 8.1.

d) Test Typge: Capability Test.

B.1.3 Coordinate reference,systems used in features (software implementation)

a) Test Pulpose: If the.séftware implementation has the capability to process GML object elements in| XML
format gnd if the”GML profile of the implementation includes features, verify that the mechanism for
setting the defaultCoordinate reference system for all geometric objects within a feature is followed.

b) Test Method: Check the Implementation that the srsName attribute of a gml:Envelope element that |s the

value of thegmtboundedBy property of a feature s usedas the default coordimate Teferencesystem for

all geometric objects encoded inline of the feature element.

c) Reference: ISO 19136:2007, 9.10.

d) Test Type: Capability Test.
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B.2 Test cases for optional conformance requirements for software implementations
with the capability to process GML object elements in XML format

B.2.1 Support for remote simple Xlinks

a) Test Purpose: Verify that an implementation supports references to other objects within or outside the
same GML document.

b) Test Method: Check that the implementation satisfies the requirements of A.1.1.1 and can process
property instances that use the xlink:href attribute with a content of an Xpointer pointing to a resource
utside the same XMI document

c) [RReference: ISO 19136:2007, 8.1.

d) Test Type: Capability Test.

B.2.2 Support for extended Xlinks

a) Test Purpose: Verify that an implementation supports extended Xlinks:

b) Test Method: Check that the implementation can process extended Xlink attributes.
c) [RReference: ISO 19136:2007, 8.1.

d) Test Type: Capability Test.

B.2.3 Support for nillable properties

a) Test Purpose: Verify that an implementation.supports nillable properties.

b) Test Method: Check that the implementation can process GML application schemas With property
lement declarations with the attribtte xsi:nillable and that the implementation can process instances with
e attributes xsi:nil and gml:nilReason in these elements.
c) eference: ISO 19136:2007, 8.2.3.1 t0 8.2.3.2.

d) Test Type: Capability-Test.

B.2.4 Support for units of measurement
a) Test Purposg: Verify that an implementation can convert between two units of the same kind

b) Test:Méthod: Check that the implementation can process values in the uom attribute of gml:MeasureType
s’specified in 7.3.3.7 and convert measures to another unit of the same kind using a units [dictionary as

B fiadin-16-9
SpeLmncu nim TU.o.

c) Reference: ISO 19136:2007, 8.2.3.6, 16.2.

d) Test Type: Capability Test.

B.2.5 Support for ownership semantics of properties
a) Test Purpose: Verify that an implementation supports the "owns" attribute.
b) Test Method: If an implementation is capable of deleting objects from a GML document, check that the

implementation deletes all objects that owned by another object as indicated by the owns attribute, if that
object is deleted.
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c)

Reference: ISO 19136:2007, 7.2.3.5.

d) Test Type: Capability Test.

B.2.6 Metadata properties

Test Purpose: Verify that properties where the value is metadata about an object are identified as a
metadata property.

Test Method: Check the implementation that property elements whose content model is derived from
gml:AbstractMetadataPropertyType are identified as metadata properties.

Ce: ISO 19136:2007, 7.2.6.

e: Capability Test.

port for GML profiles in instance validation

Test Purpose: Verify that an implementation can use GML profiles for instance talidation.

Test Method: Check that the implementation uses the GML profiles for instance validation if the pr

enced from an application schema using a gm1 :gm1ProfileSchema annotation.
ce: 1ISO 19136:2007, 20.5.

e: Capability Test.

tases for writing GML

lization capability

Test Purli)ose: Verify the existence of the ‘serialization operation of the implementation.

bthod: Inspect the software implementation and its documentation to check tha
ntation implements a serialization operation that writes valid instances of GML objects in

ce: ISO 19136:2007, A.3.

e: Basic Test:

lization validity

ofiles

the
XML

pose—Verify thatthe Tesultof the—seriatizatiomoperationmis—conformmantwith—this—tnterma

ional

Test Method: Write typical GML documents using the serialization operation and check that the GML

n XML format are valid.

Reference: ISO 19136:2007, A.3.

Test Type: Capability Test.

a)

b)

c) Referen

d) TestTyp

B.2.7 Supy

a)

b)
are refe

c) Referen

d) Test Ty

B.3 Test ¢

B.3.1 Seria

a)

b) Test M
implemg
format.

c) Referen

d) Test Ty

B.3.2 Serig

a) Test Pu
Standard.

b)
objects i

c)

d)
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Test case for reading GML

Test Purpose: If the implementation has the capability to create implementation objects from GML object
elements in XML and to serialize these implementation objects back to GML objects in XML format, verify

that it does so validly.

Test Method: Check that successive actions of object creation and serialization (see B.1.2)
result that is without loss of information.

Reference: ISO 19136:2007, A.3.

produce the

est Type: Capability Test.

Test cases for writing GML application schemas

Serialization capability

Test Purpose: Verify the existence of the serialization operation of the implementation.

Test Method: Inspect the software implementation and its ‘documentation to che
implementation implements a serialization operation that writes valid instances of GM
gchemas in XML Schema format.

Reference: ISO 19136:2007, A.1.

Test Type: Basic Test.

Test Purpose: Verify that the result, ofithe serialization operation is conformant with this
$tandard.

Test Method: Create typical GML application schemas using the serialization operation an
the GML application schemas)conform to the GML profile of the implementation and to this
$tandard.

Reference: ISO 1913622007, A.1, B.1.1.

Test Type: Capability Test.

Test cases for reading GML application schemas

ck that the
| application

International

d check that
International

Test Pnrpnep' If the implpmpnfntinn has the r‘nlnnhility to_create implpmpnfnfinn nhjprt

5 from GML

application schema in XML and to serialize these implementation objects back to GML application

schemas in XML format, verify that it does so validly.

Test Method: Check that successive actions of object creation and serialization (see B.5)
result that is without loss of information.

Reference: ISO 19136:2007, A.1, B.5.

Test Type: Capability Test.
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Annex C
(informative)

GML schema

XML Schema documents with the GML schema are available online at the following URL at the web site of
ISO:

http://www.iso.org/ittf/ISO 19136 _Schemas

The schemal components are modularized in the structure shown in Annex J, i.e. into the following schema
documents:

—  http://www.iso.org/ittf/ISO 19136 Schemas/basicTypes.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/coordinateOperations.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/coordinateReferenceSystems.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/coordinateSystems.xsd

—  http://www.iso.org/ittf/ISO 19136 Schemas/coverage.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/datums.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/dictionaryixsd

— http://www.iso.org/ittf/ISO 19136 Schemas/direction.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/dynamicFeature.xsd

— http://wwWw.iso.org/ittf/ISO 19136 Schemas/feature.xsd

— http://www.iso.org/ittf/ISO 19136 ‘Schemas/geometryAggregates.xsd

—  http://www.iso.org/ittf/IS©.19136 Schemas/geometryBasicO0d1d.xsd

—  http://www.iso.org/ittfASO 19136 Schemas/geometryBasic2d.xsd

— http://www.isorerg/ittf/ISO 19136 Schemas/geometryComplexes.xsd

—  http://wwnasiso org/ittf/ISQ 19136 _Schemas/geometryPrimitives xsd

— http://www.iso.org/ittf/ISO 19136 _Schemas/gml.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/gmIBase.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/grids.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/measures.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/observation.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/referenceSystems.xsd
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— http://www.iso.org/ittf/ISO 19136 Schemas/temporal.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/temporalReferenceSystems.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/temporalTopology.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/topology.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/units.xsd

— http://www.iso.org/ittf/ISO 19136 Schemas/valueObjects.xsd

The I:dditional document http://www.iso.org/ittf/ISO 19136 Schemas/defaultStyle.xsd containg informative
schema components.

An Xlinks XML Schema document is located at http://schemas.opengis.net/xlink/1.0.0/Xlinks.xsd.

An alfernative schema repository is the schema web site of the Open Geospatial Consortium:

http://schemas.opengis.net/gmi/3.2.1/
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Annex D
(normative)

Implemented Profile of the ISO 19100 series of International Standards

D.1 Genel

The general
Clause 6. Th
International

In this International Standard “profile” means a pure subset.

D.2 Profil

D.2.1 Overn

The following
by GML. In
schema are

NOTE 1 In
However, sing
environment, i
simple conten
deprecated pr

Only elemer
International

Due to the nature of GML no operation of any class is part of the profile.

In addition,
relationships

Furthermore
explicit objed

and Extensions

ral Termarks

relationship between the ISO 19100 series of International Standards and GML is discuss
s annex describes in detail the profile of the conceptual model defined in the ISO #9100 ser
Standards implemented by GML (see D.2) as well as the extensions to this profile{see D.3)

p of the ISO 19100 series of International Standards used by GML
view

subclauses describe the profile of the ISO 19100 series~of International Standards that is
the description of the class diagrams of the profile;.the relationship and mapping to the
liscussed.

general the encoding rules discussed in Annex E“were used also in the encoding of the GML sc
e the GML schema was mostly handcrafted it exploits more of the specific capabilities of the implemer
e. XML and XML Schema. Examples are a number of predefined basic types (simple or complex type
t) or the use of global elements also for properties to be made substitutable (e.g. to define alias
bperty names). These cases are documented in the following subclauses or are straightforward.

ts from International Standards discussed below are part of the profile. Elements from
Standards are not part of the jprofile.

interface classes’ (stereotype <<Interface>>) without data structures and “Realiz
to classes without data structures have been deleted.

the navigability of associations has been restricted to the directions in which GML repre
t properties (most associations in the GML schema are navigable only in a single direction).

ed in
es of

used
GML

hema.
tation
s with
s for

other

htion”

sents

NOTE2 N

deprecated types, elements and attributes of GML are considered in this annex.

NOTE 3

NOTE 4

"http://www.w3.0rg/2001/XMLSchema".

The namespace “gml:” refers to

“http://www.opengis.net/gml/3.2”.

The general rules for the UML-to-XML-Schema mapping for GML application schemas are defined in Annex E.

In this annex the namespace "xsd:" is used to refer to the namespace of XML Schema, which is
the namespace of GML, which

is

Table D.1 provides a mapping between the high-level packages of the ISO 19100 series of International
Standards and the subclauses of this International Standard defining GML schema components implementing
types from these packages.
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Table D.1 — Overview of the implemented packages of the ISO 19100 series of International Standards

This information is in particular used in two situations in the encoding rules in Annex E:

column) and a property type has to be created in the application schema,

when a subtype of the type is specified in an application schema in which case the obj

UML class 1ISO 19136 Annex D
UML package .
prefix subclause subclause
ISO/TS 19103:Basic Types:Units of Measure — 8.2.3.6, 16.2 D.2.2
ISO 19107:Geometry:Geometric root GM 10.1.3 D.2.3.2
1ISO 19107:Geometry:Geometric primitive GM 10.2,10.3, 104, D.2.3.3
10.5, 10.6

1ISO 19107:Geometry:Geometric complex GM 11.2 D.2.3.6
|SO 31 U7.GUUIIIUtIy.GCUIIIUtI;L’ ayylcgatco GIVI 1 1 G DZ: 5
ISO 19107:Geometry:Coordinate geometry GM 10.1.4 D2:3.4
ISO 19107:Topology: Topology root TP 13.2 D.24.2
1ISO 19107:Topology:Topology primitive TP 13.3 D.24.3
ISO 19107:Topology:Topology complex TP 135 D.24.4
ISO 19108:Temporal Objects ™ 14.2,\14.3 D.2.%2t0D.2.5.6
ISO 19108:Temporal Reference System ™ 144 D.2.3.7
ISO 19111:SC_CoordinateReferenceSystem SC 12.2,12.3 D.2.1.3
ISO 19111:SC_CoordinateSystem CS 12.4 D.2.1.4
1ISO 19111:SC_Datum CD 12.5 D.2.1.5
1ISO 19111:SC_CoordinateOperation CC 12.6 D.2.1.6
ISO 19123 cv 19 D.2.11
Tablg D.2 provides a mapping between conceptual UML classes implemented by this International Standard
and the associated GML object element, XMLE"Schema type and GML property type.
The fable consists of four columns. To provide a complete mapping from the UML type (first column) to XML
Schema as used by GML, three different mappings are required which are shown in the three oiirer columns.
This [s a result of the differences in"'mapping the General Feature Model to UML and to XML Sclhema, mainly
becafise XML Schema separates XML elements and their content model.
The table has to be read\as’follows:
— The first column>("UML class") lists a class from the ISO 19100 series which is implemented in the GML

gchema.

In some’cases, this column is empty ("—") which indicates that the GML elements and type$ in the other

¢olumns implement a concept that is not specified in the ISO 19100 series but is introduced ih D.3.

The second column ("GML object element") specifies the GML object element that implements the type.

when no predefined property type for the object element is part of the GML schema (see the fourth

ect element

representing the subtype is to be defined as part of the substitution group of the object element of the

type.

Where no corresponding object element exists in the GML schema, this is indicated by an empty cell

(
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The third column ("GML type") specifies the XML Schema type that defines the content model of the GML
object element in the second column.

This XML Schema type is in particular used in the encoding rules in Annex E when a subtype of the type
in the first column is modelled in an application schema; in this case, the XML Schema implementation
will specify a derived type of the XML Schema.

Where no corresponding XML Schema type exists in the GML schema, this is indicated by an empty cell

=)

The fourth column ("GML property type") specifies the type that is used as the XML Schema type, if the
type is ysed—asa vatue of a property i theappticatiom schematmthis tase; this cotummprovidgs  the
value ofthe XML Schema type that is the implementation of that type in the GML schema.

EXAMPLE If a feature type has a property with a type of "GM_Point", then in the XML Schema representation the
corresponding GML property element declaration has gml:PointPropertyType as its type.

In case [of a class with stereotype <<DataType>>, no XML Schema representation~of the propdrty is
provideq as the data types specified in the GML schema are typically not intendéd to be used as vpalues
of featurg properties.

In some|cases, the GML schema does not contain a predefined propertytype for that type and if required
by an application schema, the property type needs to be constructed\in accordance with the rulgs for
GML prgperty types (see 7.2.3) where the GML object element is given in the second column of the pame
row.

If the vdlue is annotated with "(group)", then the property.isdimplemented by a reference to the global
group stated in the cell instead of a local property element,
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Table D.2 — Implementation of types from the ISO 19100 series of International Standards

UML class GML object element GML type GML property type
GM_Object gml:AbstractGeometry gml:AbstractGeometryType gml:GeometryPropertyType
GM_Primitive gml:AbstractGeometricPrimtive gml:AbstractGeometricPrimtiveType | gml:GeometricPrimtivePropertyType

DirectPosition

gml:DirectPositionType

GM_Position

gml:geometricPositionGroup (group)

GM_PointArray

gml:geometricPositionListGroup
(group)

GM_Point gml:Point gml:PointType gml:PointPropertyType
GM_Qurve gml:Curve gml:CurveType gml:CurveProperty Type
GM_Sprface gml:Surface gml:SurfaceType gml:SurfacePropertyType

GM_PplyhedralSurface

gml:PolyhedralSurface

gml:PolyhedralSurfaceType

anonymous/property type?

GM_TfiangulatedSurface

gml:TriangulatedSurface

gml:TriangulatedSurfaceType

anonymous property type

GM_T|n

gml:Tin

gml:TinType

anonymous property type

GM_Splid

gml:Solid

gml:SolidType

gml:SolidProperty Type

GM_(rientableCurve

gml:OrientableCurve

gml:OrientableCurveType

gml:CurvePropertyTlype

GM_(rientableSurface

gml:OrientableSurface

gml:OrientableSurfaceType

gml:SurfacePropertyType

GM_Rjing

gml:Ring

gml:RingType

GM_Shell

gml:Shell

gml:ShellType

gml:LineString

gml:LineStringType

gml:Polygon

gml:RolygonType

gml:LinearRing

gmt:LinearRingType

GM_QompositePoint

gml:Point

gml:PointType

gml:PointPropertyType

GM_QompositeCurve

gml:CompositeCurve

gml:CompositeCurveType

anonymous property type

GM_QompositeSurface

gml:CompositeSurface

gml:CompositeSurfaceType

anonymous property type

GM_QompositeSolid

gml:CompositeSolid

gml:CompositeSolidType

anonymous property type

GM_Qomplex

gml:GeometricComplex

gml:GeometricComplexType

gml:GeometricCompglexPropertyType

GM_Aggregate

gml:MultiGeometry

gml:MultiGeometryType

gml:MultiGeometryHropertyType

GM_MultiPoint

gml{MultiPoint

gml:MultiPointType

gml:MultiPointPropeftyType

GM_MultiCurve

gmi:MultiCurve

gml:MultiCurveType

gml:MultiCurvePropgrtyType

GM_MultiSurface

gml:MultiSurface

gml:MultiSurfaceType

gml:MultiSurfaceProperty Type

GM_MultiSolid

gml:MultiSolid

gml:MultiSolidType

gml:MultiSolidPropeftyType

GM_MultiPrimitive

gml:MultiGeometry

gml:MultiGeometryType

gml:MultiGeometryHropertyType

GM_QurveSegment

gml:AbstractCurveSegment

gml:AbstractCurveSegmentType

GM_Afc

gml:Arc

gml:ArcType

GM_AyrcByBulge

gml:ArcByBulge

gml:ArcByBulgeType

gml:ArcByCenterPoint

gml:ArcByCenterPointType

GM_ArcString

gml:ArcString

gml:ArcStringType

GM_ArcStringByBulge

gml:ArcStringByBulge

gml:ArcStringByBulgeType

GM_Bezier gml:Bezier gml:BezierType —
GM_BsplineCurve gml:BSpline gml:BSplineType —
GM_Circle gml:Circle gml:CircleType —

gml:CircleByCenterPoint

gml:CircleByCenterPointType
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Table D.2 (continued)

UML class

GML object element

GML type

GML property type

GM_Clothoid

gml:Clothoid

gml:ClothoidType

GM_CubicSpline

gml:CubicSpline

gml:CubicSplineType

GM_GeodesicString

gml:GeodesicString

gml:GeodesicStringType

GM_LineString

gml:LineStringSegment

gml:LineStringSegmentType

GM_OffsetCurve

gml:OffsetCurve

gml:OffsetCurveType

GM_SurfacePatch

gml:AbstractSurfacePatch

gml:AbstractSurfacePatchType

GM_GriddedSurfhce

gml:AbstractGriddedSurface

gml:AbstractGriddedSurfaceType

GM_ParametricQurveSurface

gml:AbstractParametricCurveSurface

gml:AbstractParametricCurveSurface
Type

GM_Cone gml:Cone gml:ConeType —

GM_Cylinder gml:Cylinder gml:CylinderType —

GM_Geodesic gml:Geodesic gml:GeodesicType —

GM_Polygon gml:PolygonPatch gml:PolygonPatchType —

— gml:Rectangle gml:RectangleType —

GM_Sphere gml:Sphere gml:SphereType —

GM_Triangle gml:Triangle gml:TriangleType —

TP_Object gml:AbstractTopology gml:AbstractTopologyType anonymous property type
TP_Node gml:Node gml:NodeType gml:DirectedNodeProperty Typ4
TP_Edge gml:Edge gml:EdgeType gml:DirectedEdgePropertyTypq
TP_Face gml:Face gml:FaceType gml:DirectedFacePropertyType
TP_Solid gml:TopoSolid gml:TepoSolidType gml:DirectedTopoSolidPropertyType

TP_DirectedNod

gml:DirectedNodeProperty Typ4

TP_DirectedEdgsg

gml:DirectedEdgePropertyTypq

TP_DirectedFacg

gml:DirectedFacePropertyTyp¢

TP_DirectedSolid

gml:DirectedTopoSolidPropertyType

TP_Complex gml:TopoComplex gml:TopoComplexType gml:TopoComplexProperty Typ
— gml:TopoPoint gml:TopoPointType gml:TopoPointPropertyType
— gml:TopoCurve gml:TopoCurveType gml:TopoCurvePropertyType
— gmlFopoSurface gml:TopoSurfaceType gml:TopoSurfacePropertyType
— gml:TopoVolume gml:TopoVolumeType gml:TopoVolumePropertyType
TM_Object gml:AbstractTimeObject gml:AbstractTimeObjectType anonymous property type
TM_Complex gml:AbstractTimeComplex gml:AbstractTimeComplexType anonymous property type

TM_GeometricPrimitive

gml:AbstractTimeGeometricPrimtive

gml:AbstractTimeGeometricPrimtiveT
ype

gml:TimeGeometricPrimtivePrdperty
Type

TM_Instant

gml:Timelnstant

gml:TimelnstantType

gml:TimelnstantPropertyType

TM_Period

gml:TimePeriod

gml:TimePeriodType

gml:TimePeriodProperty Type

TM_TopologicalComplex

gml:TimeTopologyComplex

gml:TimeTopologyComplexType

gml:TimeTopologyComplexProperty T
ype

TM_TopologicalPrimitive

gml:AbstractTimeTopologyPrimtive

gml:AbstractTimeTopologyPrimtiveTy
pe

gml:TimeTopologyPrimtiveProperty T
ype

TM_Node

gml:-TimeNode

gml:TimeNodeType

gml:TimeNodePropertyType

TM_Edge

gml:TimeEdge

gml:TimeEdgeType

gml:TimeEdgePropertyType

TM_PeriodDuration

gml:duration (property element),
xsd:duration
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Table D.2 (continued)

ISO 19136:2007(E)

UML class

GML object element

GML type

GML property type

TM_IntervalLength

gml:timelnterval (group),
gml:TimelntervalLengthType

TM_Duration

gml:timeLength (group)

TM_Position

gml:TimePositionType

TM_IndeterminateValue

@TimelndeterminateValue (attribute
on TimePositionType)

TM_Coordinate — — xsd:decimal
TM_CpIDate — — gml:CalDate
TM_ClockTime — — xsd:time

TM_DpteAndTime

xsd:dateTimé

TM_Cplendar

gml:TimeCalendar

gml:TimeCalendarType

gml:TimeCalendarPfopertyType

TM_CplendarEra

gml:TimeCalendarEra

gml:TimeCalendarEraType

dml:TimeCalendarEfaPropertyType

TM_Clock

gml:TimeClock

gml:TimeClockType

gml:TimeClockPropgrty Type

TM_CpordinateSystem

gml:TimeCoordinateSystem

gml:TimeCoordinateSystemType

anonymous property type

TM_OfdinalReferenceSystem

gml:TimeOrdinalReferenceSystem

gml:TimeOrdinalRefereniceSystemTy
pe

anonymous property type

TM_OfdinalEra

gml:TimeOrdinalEra

gml:TimeOrdinalEraType

gml:TimeOrdinalEraProperty Type

SC_CRs

gml:AbstractCRS

gml:AbstractCGRSType

gml:CRSPropertyType

SI_LogationInstance

gml:LocationName

CV_Cpverage

gml:AbstractCoverage

gmil:AbstractCoverageType

anonymous property type

CV_CpntinuousCoverage

gml:AbstractContinuousCoverage

gml:AbstractContinuousCoverageTyp
e

anonymous property type

CV_D{screteCoverage

gml:AbstractDiscreteCoverage

gml:DiscreteCoverageType

anonymous property type

CV_D{scretePointCoverage

gml:MultiPointCoverage,

gml:MultiPointCoverageType

anonymous property type

CV_D{screteCurveCoverage

gml:MultiCurveCoverage

gml:MultiCurveCoverageType

anonymous property type

CV_D{screteSurfaceCoverage

gml:MultiSurfaceCoverage

gml:MultiSurfaceCoverageType

anonymous property type

CV_DiscreteSolidCoverage

gml:MultiSelidCoverage

gml:MultiSolidCoverageType

anonymous property type

CV_D{screteGridPointCoverage

gmkGridCoverage

gml:GridCoverageType

anonymous property type

CharafterString & — xsd:string

Boolegn — — xsd:boolean

Real, Number — — xsd:double

Decimgl — — xsd:decimal

Date — — xsd:date

Time — — xsd:time

DateT|me — — xsd:dateTime

Integer — — xsd:integer, xsd:nonPositivelnteger,
xsd:negativelnteger,
xsd:nonNegativelnteger,
xsd:positivelnteger

Vector — — gml:VectorType

GenericName, LocalName or
ScopeName

gml:CodeType

Length, Distance

gml:LengthType

© 1SO 2007 — All rights reserved
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Table D.2 (continued)

UML class GML object element GML type GML property type
Angle — — gml:AngleType
Speed — — gml:SpeedType
Scale — — gml:ScaleType
Area — — gml:AreaType
Volume — — gml:VolumeType
Measure — — gml:MeasureType
Sign — — gml:SignType
UnitOfMeasure — — gml:UnitOfMeasureType.
@  An anonymous type following the pattern for GML property types. The object element referenced or embedded inline is'the el¢ment
in the fourth cojJumn in the same row.
b Multiple vialues in the second column are given to support the reverse mapping described in Annex F.
D.2.2 ISO/TS 19103 Conceptual schema language
In this subclause the basic types defined in ISO/TS 19103 that are directly. available in GML are specifi¢d. In
many cases pimple types defined by XML Schema are used directly.
“CharaclerString” is implemented by xsd:string. The character*encoding is defined in the processing
instruction of the XML document (the default for XML documénts is UTF-8).
— “Date” i implemented by xsd:date.
— “DateTime” is implemented by xsd:dateTime.
— “Time” ig implemented by xsd:time.
— “Real” i implemented by xsd:double.
— “Decimdl” is in general implemented by xsd:decimal. For practical reasons, often decimal values wil| also
be repreisented in schemas by'xsd:double.
— The gengric basic type #Number” is in general implemented in GML schema by xsd:double.
— ‘“Integer] is implemented by xsd:integer.
— “Boolean” isimplemented by xsd:boolean.
— “Measure™—is—implemented—-by-the—simpletype—gml:Measure Fype—Fhe—valueis—ef type—xsd:deuble, the

uom-specifier is implemented by a URI which will normally resolve to a <gml:UnitDefinition> element or to
a well-known unit string. See 8.2.3.6.

“UnitOfMeasure” is implemented by gml:UnitDefinitionType.

The following subtypes of "Measure" are implemented by GML, each with a uom attribute that points to a
unit definition of a suitable type:

— “Length” > gml:LengthType

— “Scale” > gml:ScaleType
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— “Area” > gml:AreaType

— “Volume” - gml:VolumeType

— “Speed” > gml:SpeedType

—  “Time” > gml:TimeType

— “Angle” > gml:AngleType

— “Vector” is implemented by gml:VectorType.

NOTEH
coord
assod

q
ISO/T

apprq
adde

D.2.1

D.2.3.

The
defin
docu

NOTE

The additional changes shown in Table D.3 have been applied to the geometry package of ISO 1

is a URI.

ISO/TS 19103 describes vector as “an ordered set of numbers called coordinates that représent]

iated with the vector.

GenericName® and "LocalName* are implemented by gml:CodeType where the*name spac

esignator is a URI.
'S 19103 specifies that all “NULL” values are equivalent. This Infernational Standard uses a

ach by providing a mechanism to specify the reason for the “nil” value. Whether an applica
H information or not is optional.

3 1ISO 19107 Spatial schema (Geometry)

1 Overview

36:2007(E)

a position in a

nate system”. GML uses vector in this sense and provides a capability to explicitly state the)coondinate system

e designator

ScopedName® is implemented by gml:CodeWithAuthorityType where the mandatory hame space

more explicit
ion uses this

ML model of the GML profile defined.in_this annex describes a conceptual model of the apstract types

ed in 1ISO 19107. The same names-for the classes and their properties as in 1ISO 19107
ment the GML profile for ease of camparison with that standard.

1 See 1SO 19107:2003, Clause 2, for more details.

are used to

D107.
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Table D.3 — Description of the profile of ISO 19107 (geometry)

Change

Explanation

GM_Primitive: association “Interior to” deleted

Currently not supported by GML

GM_Polygon:

attribute “spanningSurface” deleted

Currently not supported by GML

attribute

GM_Solid: converted the operation “boundary()” to an

As the boundary of GM_Solid is accessible only via the
“boundary()” operation, an attribute of the same name has
been added. The attribute value is the result of the “boundary()”

operation as defined in ISO 19107.

GM_Complex: association “Contains” deleted

Currently not supported by GML

Derived attfibutes deleted in GM_MultiPrimitive | These attributes may be derived from the digital represenf{ation
subtypes of the objects, therefore the redundant information~has [pbeen
omitted.

GM_Compos|tePoint: deleted GM_CompositePoint does not add any additional information.
The type has been added in ISO 19107 forycompleteness|only,
but it is not expected that it would "“bé& used in insfance
documents. Therefore, it has been onitted in GML.

GM_PolynomjialSpline has been made abstract Currently not instantiable in \\GML, but the subtype
GM_CubicSpline is.

GM_LineSegfment: deleted Not supported by GML, a.GM._LineString with two control goints
shall be used instead.

GM_CurveBdundary: deleted Only used in operations

GM_ComplexBoundary: deleted Only used in opérations

NOTE2  GM_OrientableCurve and GM_OrientableSurface aré\*hot abstract” (in accordance with ISO 19107).

D.2.3.2 Geometry root

The UML cla
with 1ISO 191

5s diagrams in Figures D.1 and D.2 illustrate the profile of the “Geometry root” package (con

07:2003, Figures 5 and 6).

\pare
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<<Type>>
GM_Object

7

ISO 19136:2007(E)

<<Type>>
GM_Primitive

A

<<Type>>
GM_Complex

7

<<Type>>
GM_Composite

A

<<Type>>
GM_Aggregate

7

<<Type>>
GM_MuitiPrimitive

A

T

4<Type>>
EM_Point

<<Type>>
GM_OrientablePrimitive

(from Geometric primitive)

7

<<Type>>
5M_OrientableCurve  |<l}

from Geometric primitive)

T

T

<<Type>>
GM_MultiPaint

<<Type>>
GM_ OrientableSurface

(from Geometric primitive)

<l

<<Type>>
GM_CompositeCurye

<<Type>>
GM_Curve

7

<<Type>>

GM_Surface

<<Type>>
GM_Solid

<<Type>>
GM_CompositeSurface

<<Type>>
GM_MultiCurve

<l

Figure D.1 — Implemented subtypes of GM_Object

<<Type>>
GM_CompositeSolid

<<Type>:
GM_MultiSurface

<<Type>>
GM_MultiSolid

© IS0 2007 - All

rights reserved
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The mapping
details of the

“GM_Object’
“srsName” p

The “Abstrag
more “name|
particularly
XPointer syn

<<Type>> | 0.* Coordinate Reference System (1 <<Abstract>>
GM_Object [ +object +CRS _SCCORS
ZF (from Spatial Referencing by Coordinates)
<<Type>> +complex ~ Complex +element <<Type>>
GM_Complex  |[<— < GM_Primitive
(from Geometric complex) 0. 1. (from Geometric primitive)
<<Type>>

GM_ OrientablePrimitive

(from Geometric primitive)

7

< <Ty pe>>
GM_COrientableCurve

(from Geometric primitive)

<<Type>>
GM_ OrientableSurfacg

(from Geometric primitive)

i

i

<<Type>>
GM_Point

(from Geometric primitive)

<<Ty pe>>
GM_Curve

(from Geometric primitive)

<<Ty pe>>
GM_Surface

(from Geometric primitive)

<<Type>>
GM_Solid

(from Geometric primitive)

class hierarchy.

operty.

fax.

D.2.3.3 Geometry primitive

The UML cl

Figure D.2 — Geometric primitives

(compare with ISO 19107:2003, Figures 7 to 13).

of the different classes to the GML schema is<¢éxplained in the subsequent subclauses shgwing

is represented by the “AbstractGeometry” object element, the “CRS” role is represented Hy the

tGeometry” element may carry additional properties: an optional “description” element, zgro or
' elements, an optional ‘identifier” element, and a mandatory “gml:id” attribute. The latter is
seful in supporting the \re-use of geometry elements “by reference”, following the corppact

hss diagrams in Figures D.3 to D. 9 illustrate the profile of the “Geometry primitive” pagkage
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<<Abstract>>
GM_Boundary

(from Geometry root)

i

<<Abstract>>
GM_PrimitiveBoundary

A

ISO 19136:2007(E)

&

<<Type>>
GM_SurfaceBoundary

+exterior 0.1

0..* | +interior

<<Type>>

GM_Ring

;

<<Type>>
GM_CompositeCurve
(from Geometric complex)

The

<<Type>>
GM_SolidBoundary

+exterior

0.4

0..* | +interior

<<Type>>
GM_Shell

!

<<Type>>
GM_CompositeSurface

(from Geometric complex)

Figure D.3 —@Boundaries of geometric primitives

boundary classes from ISO 19107 are not represented explicitly in GML. In ISO 19107 the boundary

typeq are usually the return value’/of an operation “boundary()”. As the boundary of all surface| (patches) or

solids

been|defined in GML directly as properties of the surface (patch) or solid.

needs to be represented’/in GML explicitly as properties, the "exterior" and "interior" prqperties have

“‘GM|Ring” is represented by the “Ring” object element. While a “Ring” is not substitutable for a
“ConmpositeCurve™ja.GML it is structurally identical to a composite curve.

“GM_Shell”

“ConpositeSurface” in GML it is structurally identical to a composite surface.

is\represented by the “Shell” object element. While a “Shell” is not substitutable for a

© 1SO 2007 — All rights reserved
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<<Type>>
GM_Object

(from Geometry root)

I

“GM_Primitiv
“‘complex” ro

GM_OrientableCurve

. <<Type>>
Complex ! GM_Primitive
+element
A

+complex ’-|J
<<Type>>
GM_Complex

(from Geometric complex) <<Type>>
GM_OrientablePrimitive
<<Type>> <<Type>>

GM_OrientableSurface

1

T

<<Type>>
GM_Point

<<Type>>
GM_Curve

<<Type>>
GM_Surface

<<Type>>
GM_Solid

Figure D.4 — Geometric primitives

<<Type>>
GM_Primitive

<<Type>>
GM_Point

+ position : DirectPosition

e” is represented by the “AbstractGeometricPrimitive” object element (both are abstract)
e is not navigable in GML.

Figure D.5 — Point

The

“GM_Point” is represented by a “Point” object element in GML. The “position” attribute is represented by a
“pos” property (the type of the value is “DirectPosition”).
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<<Ty pe>>
GM_Primjtive Iﬁ

{(orientation = "+") implies (primitive = self )}
+primitive| 1 Zﬁ

0,2 <<Type>> ]
Oriented +proxy GM_OrientablePrimitive  [—————
+ orientation : Sign
<<Type>> <<Type>>
GM_OrientableCurve GM_QrientableSurface
T T
I I
I I
I I
| <<Type>> <<Type>> |
| GM_Curve N // GM_Surface |
I DN e I
| N / |
1 N / |
{primitive.isTypeOf(GM_Curve)} {primitive 'self} {primitive.isTypeOf(GM_Surface)}
{orientation = "+"}

Figure' D.6 — Curve and Surface
“GM |Curve” is represented by they‘Curve” object element in GML. The orientation is not an expligit property of
a “Cyrve” and is implicitly fixed tg“+”.

“GM |OrientableCurve” istrepresented by the “OrientableCurve” object element in GML. The “primitive” role is
represented by the “baseCurve” property.

“GM |Surface” is-represented by the “Surface” object element in GML. The orientation is ngt an explicit
property of a “Surface” and is implicitly fixed to “+”.

“GM |Orientable Surface” is represented by the “OrientableSurface” object element in GML. The “primitive”
role is represented by the “baseSurface” property.

To enable that “CompositeCurve” may be used in GML where in general a geometric primitive is expected, an
abstract (and propertyless) object element “AbstractCurve” has been introduced and may be substituted by
either “Curve”, “OrientableCurve” or “CompositeCurve”. The same mechanism is used with surfaces and
solids. As a result, the “GM_OrientablePrimitive” class is not mapped to GML explicitly, however as this type is
not instantiable, this does not impose any restrictions.

NOTE This mapping is a consequence of the fact that the spatial schema uses multiple inheritance to express that a
composite geometry, which by definition is a complex geometry, may also represent a geometric primitive. Since XML
Schema is not capable of multiple inheritance (or more precisely: derivation from multiple types), the abstract object
elements “AbstractCurve”, “AbstractSurface” and “AbstractSolid” have been introduced in GML to allow that both “true”
geometric primitives (e.g. “Curve”) and composite geometries (e.g. “CompositeCurve”) can be in a common substitution
group, although both are structurally different.
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<<Type>>
GM_Primitive

<<Type>>
GM_OrientablePrimitive

<<Type>>

As discusseq
represented

GM_OrientableCurve

<<Type>>
GM_Curve

0..1 ] +curve

{sequence} 1..*

Segmentation *segment

BS an array property “segments” in GML.

<<Type>>
GM_Primitive

<<Type>>
GM_ OrientablePrimitive

<<Type>>
GM_OrientableSurface

258

<<Abstract>>
GM_CurveSegrment

Figure D.7 — Curve

above, “GM_Curve” is represented by the “Curve” object element in GML. The “segment” rple is

<<Type>>
GM_Surface

0..1 ] +surface
1.%

Segmentation *patch

<<Abstract>>
GM_SurfacePatch

Figure D.8 — Surface
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As discussed above, “GM_Surface” is represented by a “Surface” object element in GML. The “patch” role is

repre

sented as an array property “patches” in GML.

<<Ty pe>>
GM_Primitive

<<Type>>
GM_Solid

“G M_
by “e

D.2.3

The
(com

/+ boundary : GM_SolidBoundary

Figure D.9 — Solid

|Solid” is represented by a “Solid” object element in GML. The boundary.of a Solid is direcily expressed
xterior” and “interior” properties of the solid as discussed above.

.4 Coordinate Geometry

ML class diagrams in Figures D.10 to D.19 illustrate the-profile of the "Coordinate Geome

bare with ISO 19107:2003, Figures 14 to 21).

{coordinateReferenceSystem.dimension =
coordinate.size =
dimension}

<<DataType>>
DirectPosition

+ coordinate : Sequence<Number>
/+ dimension : Integer

0..* | +directPosition

<<DataType>>
GM_Envelope

+ upperCorner
+ lowerCorner

: DirectPosition
: DirectPosition

<<Union>>
GM_Position

+ direct :
+ indirec

DirectPosition
t : GM_PointRef

©I1SO

if not populated, then the NameSpace of the <<DataType>>
| ___ | datatype determines the CRS, e.g. the CRS of GM_PointRef
the including GM_Object
0“*
0.1 +coardinateReferenceSystem +point | 1
<<Abstract>> <<Type>>
SC _CRS GM_Point

(from Spatial Referencing by Coordinates)

<<DataType>>
GM_PointArray

j : Integer

(from

Geometric primitive)

+column
1..n

Figure D.10 — Coordinate geometry

2007 — All rights reserved

<<Union>>
GM_Position

try" package
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“DirectPosition” is represented in GML as a type with simple content where the “coordinate” attribute is
mapped to a list of doubles. The “coordinateReferenceSystem” role is represented by a “srsName” attribute
property and “dimension” is represented by an optional attribute property of the same name (type is

positivelnteger).

“GM_Position” is mapped to a choice between a “pos” property (which is of type “DirectPosition”) and a
“pointProperty” property (which is “Point’-valued). A “GM_PointArray” is represented as a similar choice
element, but with appropriate settings for minimum and maximum occurrences.

A single “GM_Position” or a “GM_PointArray” can alternatively be represented by a “coordinates” property (the
type of the value is “Coordinates” which is a type with simple content that represents a list of coordinates

A ctrina)
encoded as a-strirg)-

“GM_Envelope” is represented as the “Envelope” object element in GML. The two attributes “upperCq
The additional
“SRSReferenceGroup” in “gml:Envelope” has been added so that the coordinate reference system neeg

and “lowerCorner”

are mapped

to properties

the same

name.

be specified pnce in the typical case of corners in the same coordinate reference system.

<<Type>>
GM_Curve

(from Geometric primitive)

0.1 +curve

Segmentation

{sequence}

1.* | +segment

<<CodelList>>
GM_Curvelntérpolation
(from Geondetricyprimitive)

+ linear

+ circularArc3Points

+ circularArc2PointWithBulge
+ polynomialSpline
#cubicSpline

+ rationalSpline

<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

+ interpolation : GM_Curvelnterpolation =*linear"

+ numDerivativesAtStart[0..1] : Integer=0
+ numDerivativesAtEnd[0..1] : Integer= 0
+ numDerivativelnterior[0..1] : Integer =0

p

<<Type>>
GM_ArcString

<<Type>>
GM_ArcStringByBulge

<<Type>>
GM_SplineCurve

<<Type>>
GM_LineString

7

260

ype ype Type
GM_Arc GM_PolynomialSpline GM_BSplineCurve
<<Type>> <<Type>> <<Type>>
GM_Circle GM_CubicSpline GM_Bezier

Figure D.11 — Curve segments

rner”
ibute
only
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“GM_CurveSegment” is represented in GML by the “AbstractCurveSegment” object element (both are
abstract). The three “numbDerivatives...” attributes are mapped to properties with the same definition. The
“interpolation” attribute is not defined in “AbstractCurveSegment”, but is defined (and set with appropriate
initial values) in the instantiable subtypes.

GML currently supports a subset of all defined curve segments of ISO 19107.

Most subtypes of “GM_CurveSegment” carry a “controlPoint” attribute that is represented in GML by the
choice element as described above (see discussion of the representation of a GM_PointArray).

The code list “GM_Curvelnterpolation” has been mapped to GML as if it would be an enumeration, i.e. no

ddt Bol b S Hevwad-b. idae-th nradafinad ol e-tbha-CMN harma
a I UTTar varuto dic diiuvwiou YT OIUT T PTTUTITITICU vATuUT o T UTC UIVIL oUTITTITAa.

<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

i

<<Type>>
GM_LineString

+ controlPoint : GM_PointArray

Figure D.12 — Line string

“GM |LineString” is represented by the “LineStringSegment” object element. The “Segment” suffiX is appended
to th¢ name in GML, because the name “LineString” is already reserved for another object elepent in GML
(see P.3.5). To maintain backwards compatibilityywith previous versions of GML it was not possilhle to change
the npme of the existing element as even ifthe previous use of "LineString" would have been deprecated, the
name would not have been available for thé.implementation of GM_LineString.
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The curve sd

<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

A

<<Ty pe>>
GM_ArcString

+ numArc : Integer
+ controlPoints : GM_PointArray

GM_ArcStringByBulge

<<Type>>

+ bulge : Sequence<Real>
+ numArc : Integer
+ normal : Sequence<Vector>

N |

{interpolation = "circularArc3Points"}
{controlPoints.count = 2*numArc +1}

{bulge.count = normal.count = numArc}

{interpolation = "circularArc2PointWithBulge"} lj

<<Type>>
GM_ArcByBulge

- all points in the controlPoint sequence are AN

- alharcs are on the same circle AN

- the first and last points in the controlRoint AN

<<Type>>
GM_Arc
]
|
on the same circle

<<Type>>
GM_Circle

| _|sequence are the same

prefix) and tHe same set of properties.

262

Figure D.13 —Arcs and circles

gment types are mapped to object-elements in GML with the same name (but without the “GM_"
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<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

R

<<CodeList>>
GM_SplineCurveForm

+ polylineForm

+ circularArc

+ ellipticArc

+ parabolicArc

+ hyperbolicArc

ISO 19136:2007(E)

<<CodelList>>
GM_KnotType

+ uniform
+ quasiUniform
+ piecewiseBezier

{degree > 0}
{interpolation = "polynomialSpline"}
{vectorAtEnd.count = vectorAtStart.count = degree - 2}

{interpolafion =, cybicSpline"} B‘

I
|
| {degree = 3}
I
|
]

<<Type>>

GM_SplineCurve

< <Ty pe>>
GM_PolynomialSpline

<<Type>>
GM_CubicSpline

+ degree : Integer
+ knot : Sequence<GM_Knot>

<

+ vectorAtStart : Sequence<Vector>
+ vectorAtEnd : Sequence<Vector>

+ controlPoints : GM_PointArray

<<Type>>
GM_BSplineCurve

+ curveForm[0..1] : GM_SplineCurveForm
+ knotSpec]0..1] : GM_KnotType
+ isPolynomial : Boolean

{(intdrpolation = "polynomialSpline") OR (interpolation = "rationalSpline")} Ij

{degree = controlPoint.count -4}
{interpolation = "polynomial'}

<<DataTyge>>
GM_Kn¢t
<<Type>> + value : Real
GM Bezier + multiplicity : Integer

+ weight : Real

Again, these curve segmient types are mapped to object elements in GML with the same namg

Figure D.14 — Splines

(but without

the “GM_" prefix8) and-with the same properties®). The properties of the curve segment objects jn GML have
been|specified taking.the OCL constraints into account.
The ¢ode list “<GM_KnotType” has been mapped to GML as if it would be an enumeration, i.e. ho additional

valugs are allowed beside the predefined values in the GML schema.

8)

been kept to maintain backwards compatibility with previous versions of GML.

9)

© 1SO 2007 — All rights reserved

The “knotSpec” attribute has been renamed to “knotType” in GML.

However, “GM_BSplineCurve” is represented by “BSpline”, i.e. without the “Curve” suffix. The name "BSpline" has
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<<Type>>
GM_Curve

(from Geometric primitive)

0..1 | +curve

Segmentation

1 ”*
+segment

{sequence}

<<Abstract>>
GM_CurveSegment

<<CodeList>>

GM_Curvelnterpolation
(from Geometric primitive)

+ linear

+ geodesic

+ circularArc3Points

+ circularArc2PointWithBulge
+ elliptical

+ clothoid

+ conic

+ polynomialSpline

+ cubicSpline

+ rationalSpline

(from Geometric primitive)

+ interpolation : GM_Curvelnterpolation = "linear"
+ numpPerivativesAtStart[0..1] : Integer =0
+ numpPerivativesAtEnd[0..1] : Integer =0
+ numpPerivativelnterior[0..1] : Integer = 0
1
+baseCurve
<<Type>> <<Type>> <<Type>> <<Type>> <<Type>> <<Type>>
GM_ArcString || |[GM_ArcStringByBulge | | GM_SplineCurve | [ GM_Clothoid | [GM_GeodesicString | [GM_LineString
| |
<<Type>> <<Type>> <<Type>> <<Type>> <<Type>> <<Type>}
GM_Arc GM_PolynomialSpline GM_BSplineCurve GM_Geodesic | [GM_LineSegment | | GM_OffsetClrve
<<Type>> <<Type>> <<Type>>
GM_Circle GM_CubicSpline GM_Bezier
Figure D.15 — Curve segments
“GM_OffsetQurve” class is.fepresented in GML by the “OffsetCurve” object element. The object carrigs the

Same seman

“GM_AffineP)

“GM_Geode

lacement®is represented in GML by the “AffinePlacement” object element.

EicString” is represented in GML by the “GeodesicString” object element.

tic interpretation as the class. The baseCurve property has been renamed to offsetBase.

“GM_Geodesic” is represented in GML by the “Geodesic” object element.

“GM_Clothoid” is represented in GML by the “Clothoid” object element.

264

© 1SO 2007 — All rights reserved


https://standardsiso.com/api/?name=94ba9ddf517b2a47c21efa7bd340b029

ISO 19136:2007(E)

<<Abstract>>
GM_SurfacePatch

(from Geometric primitive)

<<CodeList>>
GM_Surfacelnterpolation
(from Geometric primitive)

+ interpolation : GM_Surfacelnterpolation = "planar"
+ numDerivativesOnBoundary[0..1] : Integer = 0

"

+ none
+ planar

+ spherical
+ elliptical

+ conic

+ tin

+ parametricCurve
+ polynomialSpline

<<Type>> + rationalSpline
GM_Polygon + triangulatedSpline
<<Type>>
GM_Triangle

Figure D.16 — Surface patches (first figure)

“GM_|SurfacePatch” is represented in GML by the “AbstractSurfacePatch” object element (both are abstract).

The [‘numDerivativesOnBoundary” attribute is currently not explicitly mapped in GML as
intergolation is currently supported in
“AbsfractSurfacePatch”, but it is defined (and set with appropriate initial values) in the instantiable

GML|currently supports a subset of all defined surface types and surface patch types of ISO 191(7.

The ¢ode list “GM_Surfacelnterpolation” has been-mapped to GML as if it would be an enume
additjonal values are allowed beside the predefined values in the GML schema.

<<Type>>
GM_Surface

(from Geometric primitive)

GML.

Segmentation

1.

The

“interpolation” attribute is not

<<Abstract>>
GM_SurfacePatch

(from Geometric primitive)

+surface

+patch

+ interpolation : GM_Surfacelnterpolation = "plangr"
+ numDerivativesOnBoundary[0..1] : Integer = 0

1

<<Type>>
GM_Polygon

+ boundary : GM_SurfaceBoundary

N

<<Type>>
GM_Triangle

+ corners[3] : GM_Position

Figure D.17 — Surface patches (second figure)

only planar
defined
subtypes.

in

ation, i.e. no

“GM_Polygon” is represented by the “PolygonPatch” object element. The “boundary” attribute is directly
expressed by “exterior” and “interior” properties of the “PolygonPatch”.

© 1SO 2007 — All rights reserved
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The “Patch” suffix has been appended to the name in GML, because the name “Polygon” is already reserved
for another object element in GML (see D.3.6). To maintain backwards compatibility with previous versions of
GML it was not possible to change the name of the existing element as even if the previous use of "Polygon"
would have been deprecated, the name would not have been available for the implementation of GM_Polygon.

{interpolation = "parametricCurve"} Ij

<<Type>>

GM_ParametricCurveSurface

+ verticalCur

+ horizontalJurveType : GM_Curvelnterpolation
eType : GM_Curvelnterpolation

GM_

<Type>>

briddedSurface

+ controlPoirt : GM_PointGrid
/+ rows : Inteper
/+ columns : Integer

<<Type>> N
GM_Cone ____|{horizontalCurveType = "conic"}
{veritcalCurveType = "linear"}
<<Type>> - - N
GM_Cylinder {horizontalCurveType = "conic"}
/ = I~ — — | {veritcalCurveType'= "linear"}
<<Type>>
< GM_Sphere {horizontalCurveType = "circularArc3Points"
= I~ " |{vertiéalGurveType = "circularArc3Points"}

“GM_PointG

id” is represented in GML by the “PointGrid”group.

Figure D.18 — Gridded surface patches

“GM_ParamgtricCurveSurface” is represented in~NGML by the “AbstractParametricCurveSurface” g¢bject

element (both are abstract).

“GM_Gridde@iSurface” is represented in GML by the “AbstractGriddedSurface” object element (both are

abstract).
“GM_Cone”
“GM_Cylinde

“GM_Sphere

s represented in GML(by the “Cone” object element.
r’ is represented #mGML by the “Cylinder” object element.

" is represented in GML by the “Sphere” object element.
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the curves B‘

<<Type>>
GM_Tin

+ sf

+m)
+C

bpLines : Set<GM_LineString>

+ brleakLines : Set<GM_LineString>

pxLength : Distance
ntrolPoint[3..*] : GM_Position

“GM |
“GM |

“G M_

D.2.3

The

with |

.5 Geometry aggregates

50O19107:2003, Figure 24).

tion
itive)

<<Type>> <<Abstract>>
GM_Surface Segmentation GM_SurfacePatch
(from Geometric primitive) 0.1 1.* (from Geometric primitive)
* +surface AN +patch ~ |+ interpolation : GM_Surfacelnterpolation = "planar"
| + numDerivativesOnBoundary[0..1] : Integer =0
I
subset
I
| <<Type>>
<<Type>> | GM_Polygon
GM_PolyhedralSurface 0.1 | 1.*
A + boundary : GM_SurfaceBoundary
+surface’] +patch . e o e M
| T SpPdmrygouriateju.. 1. GVI_oUriate
l:l) t -- the spanning surface must.Contain
su Ise {spanningSurface.NotEmpty implies
| spanningSurface.contains(boundary)
<<Type>> I <<Type>> <<CodeList>>
GM_TriangulatedSurface 0.1 | 1. GM_Triangle GM_Surfacelnterpol
+surface +patch™ |+ corners[3] : GM_Position (from Geometric pri
+ none
+ planar
+ spherical
+ elliptical
+ conic
+ tin

+ parametricCurve
+ polynomialSpline
+ rationalSpline

+ triangulatedSpline

Figure D.19— Polyhedral and triangulated surfaces

|PolyhedralSurface” is represented in GML by the “PolyhedralSurface” object element.
| TriangulatedSurfacé*is represented in GML by the “TriangulatedSurface” object element.

Tin” is represented in GML by the “Tin” object element.

MU class diagram in Figure D.20 illustrates the profile of the “Geometry aggregates” packa

ge (compare

©I1SO

2007 — All rights reserved
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<<Ty pe>>
GM_Object

(from Geometry root)

]

<<Type>> =
GM_Aggregate +element <<lype>>
—Agores < 0 GM_Object
" (from Geometry root)

N

. The

e” or

<<Type>>
GM_MultiPrimitive | | {elements.subTypeOf(GM_Primitive)} Ij
<<Type>> <<Type>> <<Type>> <<Type>>
GM_MultiPoint GM_MultiCurve GM_MultiSurface GM_MultiSolid
I ' I '
| | |
{eIement.subTypeOf(GM_Point)}j I {element.subTypeOf(GN)_OrientableSurface)} ﬁ I
| |
{element.subTypeOf(GM_OrientableCunve)} ﬁ {element.subTypeOf(GM_Solid)} ﬁ
Figure D.20-— Geometric aggregates
“GM_Aggregate” is represented by the TAbstractGeometricAggregate” object element (both are abstract
“element” role is instantiated in GML (in)the instantiable subtypes. The general pattern is that two propgrties
are defined, fone is a regular association property and the other an array association property. The prdperty
names are “XMember” and “xMembers” respectively where the “x” is replaced by “point”, “curve”, “surfa
“solid” depenrlding on the elements of the collection. This represents the OCL-constraints for type safety.
“GM_MultiPdint” is represented by the “MultiPoint” object element in GML.
“GM_MultiCyrve” is_represented by the “MultiCurve” object element in GML.
“GM_MultiSyrface” is represented by the “MultiSurface” object element in GML.

“GM_MultiSo

“GM_MultiPri

lid” is represented by the “MultiSolid” object element in GML.

mitive” is not explicitly represented in GML.

D.2.3.6 Geometry complex

The UML class diagrams in Figures D.21 and D.22 illustrate the profile of the “Geometry complex” package
(compare with ISO 19107:2003, Figures 25 to 30).
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<<Type>>
GM_Object

(from Geometry root)

i

<<Ty pe>>
GM_Complex

A 0..*? +complex

Complex
1..* | +element
subset
I
<<Type>> > +composite | +generator, G;;T/);,Sf;;/ve
M it * . — /
oI Composte o Composition 1 (from Géometric primitive)

--All primitives in the generator are in the complex (as a set of primitives) ﬁ

{Set::element->includesAll(generator)}

Figure D.21 — Geometric compositeés (first figure)

“GM |Complex” is represented by the “GeometricComplex™object element. The “element” role is

propd

The fact that the composite geometry types are subtypes of “GM_Complex” is represented in GIM
very association property which takes a “GeometricComplex” accepts also one of the comp¢gsites (due to

that 6
a chd
beca

supp

rty of the same name in GML.

ice element in “GeometricComplexPropertyType”). This special mapping to XML Schema w.

brted by the derivation mechanismef XML Schema.

mapped to a

L by the fact

AS necessary,

ise multiple inheritance, used in ISO.19107 to express the “dualism” of the composite geonpetries, is not

©I1SO
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“GM_Compo
“GM_Compg
object eleme
these subtyp
“surface” or

<<Type>>
GM_Complex
<<Type>> "
GM_Composite +composite Composition +generator <<Ty pe>>
< o T GM_Primitive
h . (from Geometric primitive)
<<Type>> <<Type>> <<Type>>

GM_CompositeCurve

+composite | 0..*

Composition

sequence
v +generator

N

*

GM_CompositeSurface

+composite | 0..*

N

*

v +generator

Composition

GM_CompositeSolid

+composite<]) 0..*

Composition

-

*

v +generator

<< Ty pe>>
GM_OirientableCurve

(from Geometric primitive)

< <Ty pe>>
GM _COrientableSurface

(from Geometric primitive):

<<Type>>
GM_Solid

(from Geometric primitive)

D.2.3.7 Conformance

The rules go
Annex A. Co

Data Comple

— geometr

Xity:

cprimitives;

Figure D.22 — Geometric composites (second figure)

site” is not explicitly represented. by ~an object element in GML. However, the sub
siteCurve”, “GM_CompositeSurface**and “GM_CompositeSolid” are represented in GML by
nts of the same name (without the“GM_" prefix). The “generator” role is instantiated in G
es by an association property\with the name “xMember” where the “x” is replaced by “c
solid” depending on the elemeénts of the collection.

verning conforptance of a profile of ISO 19107 are described in 1ISO 19107:2003, Clause !
hcerning the three criteria defined in Clause 2, GML geometry covers the following levels:

fypes

ML in

irve -,

P and

— geometr

Dimensionali

ic complexes.

ty:

— 0-, 1-, 2- and 3-dimensional objects.

Functional Complexity:

— data types only.
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Thus, the relevant conformance clauses of ISO 19107 are:

A1.11t0 A1.1.4;

A211t0 A213.

The conditions of these conformance clauses are met.

Note that derived attributes are treated as operations and it is assumed that the derived attributes in the
aggregate geometries will be derived from the data by the application handling the GML instances.

A Gy CompositePolr represented by a POt object & N “generator’
assogiation role is the same object, i.e. the “Point” object itself.
D.2.4 ISO 19107 spatial schema (topology)
D.2.41 Overview
The additional changes shown in Table D.4 have been applied to the topology)package of ISO 19107.
Table D.4 — Description of the profile of ISO'19107 (topology)
Change Explanation
TP_Complex: association “isMaximal()” added as a derived | Thelinformation was otherwise not accessiblgd by means of

attri

ute

predefined data structures of TP_Complex. T!
defined as a derived attribute representing thd

“isMaximal()” operation as defined in ISO 191/07.

he attribute is
e result of the

TP_
type
Real
TP_
Gen

Dbject has been changed from an interface class)to
class (however without any properties) and.the
zation relationships from TP_Primitive and
Complex to TP_Object has been changed‘to
bralization relationships

Maintaining TP_Object as a root for the differ:
topological subtypes makes mapping to GML

bt
clearer.

The
TP_

bptional association “Realization®between
Complex and GM_Complex has-been deleted.

The realization can be derived from the realiz
primitives contained in the topology complex.

btion of the

The
TP_

‘maximalComplex” role has been deleted from
Primitive.

Currently not supported in GML

TP_
TP_

Boundary and subtypes as well as TP_Ring and
bhell have beef deleted.

Only used in operations

D.2.4.2 Topology root

The

AL 1 n : = Ao o4
VIL Cldss Uidyrdiris 1T rigures U.Zo diiu V.25

(compare with ISO 19107:2003, Figures 32 and 33).

©I1SO
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<<Type>>
TP_Object
(from Topology root)

Complex
<<Type>> +element +complex <<Type>>
TP_Primitive 1.* 1.* TP_Complex
| | | |
<<Type>> <<Type>> <<Type>> <<Type>>
TP_Node TP_Edge TP_Face TP_Solid
<<Type>> <<Type>> <<Type>> <<Type>>
TP_DirectedNode TP_DirectedEdge TP_DirectedFace TR DjrectedSolid
<<Type>> < <<Type>>
TP_DirectedTopo TP_Expression
Figure D.23 — Topologic primitives
<<Type>>
TP_Object
(from Topology Toot)
+subComplex
<<Type>> P Complex 1.+ <<Type>> T 1
TP_Primitive TP_Complex 1 /Contains
(from Topological primitive) felement +complex (from Topological Complex) b
+superComplex
+topology| 0..*
Realization
+geometr( 0.1
<<Type>> +~element o <<Tvype>>
GM_Primitive " GM_Primitive
(from Geometric primitive) 1. Complex *+complex (from Geometric complex)
<<Type>>
GM_Object
(from Geometry root)

Figure D.24 — Relationship between geometry and topology
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The mapping of the different classes to the GML schema is explained in the subsequent subclauses showing
details of the class hierarchy.

“TP_Object” is represented by the “AbstractTopology” object element. The “AbstractTopology” element may

carry additional properties: an optional “description” element, zero or more “name” elements, an optional
“identifier” element, and a mandatory “gm1 : 1d” attribute.

D.2.4.3 Topology primitive

The UML class diagrams in Figures D.25 to D.28 illustrate the profile of the “Topology root” package (compare

with ISO 19107:2003, Figures 35 to 45).

<<Ty pe>>
TP_Object
(from Topology root)

1

<< Ty pe>>
GM_Primitive

(from Geometric primitive)

0..1\ ¥geometry

Realization

0..* | +topology

<<Type>>
<<Type>> TP_Primitive
TP_Complex
(from Topological Complex)
[ .
* 0.1 0..
+ "
complex [ 1. *element [1.* |, container +isolate

Complex | Isolated in

- topolegical dimension agrees with geometric dimension
+«basic geometric operations are preserved

- isolated topology is codimension at least 2

- a primitive is its own positive TP_DirectedTopo

Figure D.25 — Topology primitive

“TP_Primitive” is represented’by the “AbstractTopoPrimitive” object element.
The {geometry” roleis)instantiated in the instantiable subtypes. This allows control of the geonfetry types at
the other association end (dimensionality constraint): “pointProperty”, “curveProperty”, “surfaceRroperty” and
“solidProperty’respectively.

The ‘lisolated” and “container” roles are represented as properties in “AbstractTopoPrimitive”.
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<<Type>>
TP_Primitive

<l

+topo

<<Type>>
TP_Edge

<<Type>>
TP_Node

<<Type>>
TP_Face

<<Type>>

Center TP_Solid

2

FPTOXY

<<Type>>
TP_DirectedTopo

<<Type>>
TP_DirectedEdge

<<Type>>
TP_DirectedNode

<<Type>>
TP_DirectedFace

<<Type>>
TP_DirectedSolid

Figure D.26 — Topology primitives

<<Type>>
TP_Primitive

{primitive = self}
{orientation = "+"}

]

’ —_— \
— = -~
+topo /M 1 ﬁk/ —y / \
_— - X — Y / \
—_— 1 — - /
<<Type>> <<Type>> <<Type>> <<Type>>
TP_Node TP_Edge TP_Face TP_Solid
+topo +topo |1 +topo |1 1 | +topo
Center Center; Center Center Center
H+proxy| 2 +proxy | 2 +proxy | 2 2 | +proxy
<<Type>> <<Type>> <<Type>> <<Type>>
TP_DirectedNogde TP_DirectedEdge TP_DirectedFace TP_DirectedSolid
~ ~J \ /
~ N
~~_ ~_ \\ /
~— >~ N /
T~ - ~ ~ \ /
+proxy | 2 ~— ~ ~ \ /
proXy ~— > /
<<Type>>

TP_DirectedTopo

{orientation = "+" implies topo = self} ﬁ

Figure D.27 — Directed Topology primitives
“TP_Node” is represented by the “Node” object element in GML.
“TP_Edge” is represented by the “Edge” object element in GML.

“TP_Face” is represented by the “Face” object element in GML.
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“TP_Solid” is represented by the “TopoSolid” object element in GML (the name “Solid” is already used for the
3-dimensional geometry primitive).

“TP_DirectedTopo” is not explicitly represented in GML, only its instantiable subtypes. A notable difference is
that although the directed topology types are modelled as types they are represented as properties with an
“orientation” attribute in GML.

“TP_DirectedNode” is represented by the “directedNode” property element in GML. The “topo” role
represented directly by the “Node” object element.
“TP_DirectedEdge” is represented by the “directedEdge” property element in GML. The “topo” role
represented-directy by-the—“Edgeobjectetement:
“TP_PpirectedFace” is represented by the “directedFace” property element in GML. The’ “lopo” role
represented directly by the “Face” object element.
“TP_PirectedSolid” is represented by the “directedTopoSolid” property element in ‘GML. The ftopo” role
represented directly by the “TopoSolid” object element.
Center +t Center
<<Type>> 1 +proxy <<Type>> <<Type>> 0RO, 2 <<Type>}
TP_Node +topo o | TP_DirectedNode TP_Node 1 +proxy [ TP_DirecteafNode
1
+boundary “hub
2 CoBoundary
0.” 0.*
+primitive +spoke
<<Type>> 1 Cem‘er+proxy <<Type>> <<Type>> +topo Center 2 <<Type>}
TP_Edge +topo o | TP_DirectedEdge TP_Edge 1 +proxy | TP_DirectedEdge
1.*
+1bo*undary +hub
- CoBoundary
. 0.*
Oj' . +spoke
+primitive {CircularSeqyence}
<<Type>> 1 Cent@r+proxy <<Type>> <<Type>> +topo Center 2 <<Type>}
TP_Face +topo 2| TP_DirectedFace TP_Face 1 +proxy| TP_DirectedFace
+boundary Thl‘b
1. h CoBoundary
0.2 0.2
+prifitive +spoke
<<Type>> 1 Center+proxy <<Type>> <<Type>> +topo Center 2 <<Type>}
TP<Solid +opo o | TP_DirectedSolid TP_Solid 1 +proxy | TP_DirectedSolid

Figure D.28 — Boundary and co-boundary relationships

The mapping of the “topo” role is already discussed above.

The “spoke” role is represented in GML by “directed Edge

respectively.

"«

is

is

is

is

, “directedFace” and “directedTopoSolid” properties

The “boundary” role is represented in GML by “directed Node”, “directedEdge” and “directedFace” properties

respectively.
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D.2.4.4 Topology complex

The UML class diagram in Figure D.29 illustrates the profile of the “Topology complex” package (compare

ISO 19107:2003, Figure 46).

<<Type>>
TP_Object
(from Topology root)

<<Ty pe>>
TP_Primitive

(from Topological primitive)

+element

+complex

-

+maximalComplex

1.*

Complex

1.*

<<Type>>
TP_Complex

/+ isMaximal : Boolean

- the maximalComplex contains this complex

{superComplex->contains(maximalComplex)}
- a maximal complex is contained only in itself
{(self = maximalComplex) implies (superComplex = {self})}
{isMaximal implies (self = maximalComplex)}

1.% 1.%
+superComplex  t+subComplex

“TP_Complek” is represented by the “TopoComplex” object element.

JGontains

Figure D.29 — Topology complex

The “element” role is mapped to two properties — one' regular association property “topoPrimitiveMefnber”
and one arraly association property “topoPrimitiveMembers”.

The “subComplex” and “superComplex” roles are represented as association properties of the same n
The minimurh multiplicity, however, is “0”_for, both properties in GML instead of “1”. This reflects that it
required that|this property is representedexplicitly in a GML instance (note that it is a derived association).

The “maximglComplex” role is représented as an association property of the same name in GML.

D.2.4.5 Conformance

The rules goyerning confermance of a profile with ISO 19107 are described in ISO 19107:2003, Clause
Annex A. Cohcerning.the three criteria defined in Clause 2, GML topology covers the following levels:

Data Complgxity:

ame.
s not

P and

— topological complexes;

— topological complexes with geometric realizations.

Dimensionality:

— 0-, 1-, 2- and 3-dimensional objects.

Functional Complexity:

— data types only.
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Thus, the relevant conformance clauses of ISO 19107 are:
— A31.1t0A3.1.3;

— A411t0A4.13.

The conditions of these conformance clauses are met.

Note that the association “Realization” between TP_Complex and GM_Complex is not an explicit part of the
profile, because the geometrical realization of the topology complex can be derived from the geometrical
realization of the topological primitives.

D.2.51SO19108 Temporal schema

D.2.5.1 Overview

The ML temporal schemas provides an implementation of ISO 19108:2002, 5.2 to 54.
The ¢hanges shown in Table D.5 have been applied to the packages of ISO 19108:

Table D.5 — Description of the profile of ISO 19108

Change Explanation
1 The Beginning and Ending associations are Maintaining bi-directional pointers deemed unrjecessary in
implemented as unidirectional from TM_Period to a static'data encoding.
TM_Instant
2 The Beginning and Ending associations from Allows a more compact encoding of the same |nformation

TM_Period are implemented as a choice of (a UML-~~}when a TM_lInstant object with identity is not r¢quired.
association with TM_Instant or a UML attribute of
type TM_Position)

3 | The Termination and Initiation associations.are Maintaining bi-directional pointers deemed unrjecessary in
implemented as unidirectional from TM\Edge to a static data encoding.
TM_Node

4 | The Realization associations are.implemented as Maintaining bi-directional pointers deemed unrjecessary in
unidirectional from TM_Instant and TM_Period to a static data encoding.

TM_Node and TM_Edge respectively

5 | The Basis association-issimplemented as Maintaining bi-directional pointers deemed unrjecessary in
unidirectional from TM~Calendar to TM_CalendarEra | a static data encoding.

7 | The begin and.gnd attributes of TM_OrdinalEra are | Practice in historical and geological sciences i$ that the
replaced by associations with TM_Node, with termination points of an Ordinal Era are associated with
rolenames-start and end events whose position may not be known precjsely. This
matches with the concept of TM_Node whose position is
available indirectly.

8 | The origin attribute of TM_CoordinateSystem is Allows the origin to be specified in terms of anlexternal
;IIIIJ;UIIIUI Itﬁd as b; IU;L;U Uf (d llJIInV‘“_ dbbUb;dﬁUl I VViti I TVl It.

TM_Instant or a UML attribute of type TM_Position)

9 | The interval attribute of TM_CoordinateSystem is Allows the scale to be specified more precisely and flexibly.
implemented as TM_Interval Length

NOTE Change 2 takes advantage of the <choice> structure which is provided by the XML Schema implementation
language. This supports a more flexible and compact encoding, containing the same information, than would have been
gained by mechanical application of the standard encoding rules.

Of the classes dealing with temporal relationships between features, described in 5.5 of ISO 19108:2002, only

Feature Succession has been implemented directly. Components corresponding to the other relationships
may be defined in GML application schemas, but are not discussed further here.
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The mapping of the different classes to the GML schema is explained in the subsequent subclauses showing

details of the

class hierarchy.

The UML class diagrams in Figures D.30 to D.34 illustrate the profile of the “Temporal Objects” package
(compare with ISO 19108:2002, Figures 2 to 6 and 11).

D.2.5.2 Temporal objects

TM_Object

“TM_Obiject
may carry ag
“identifier” ¢
components
“TM_Primitiv
“TM_Geome
“TM_Topolog
“TM_Comple

“TM_Topolog

P
| |

TM_Primjtive TM_Complex

I 1

TM_TopologicalComplex

1.2

TM_GeometricPrimitive TM_TopologicalPrimitive

Figure D.30 — Main hierarchy of temporal oebjects from ISO 19108

is represented by the “AbstractTimeObject’\0bject element. The “AbstractTimeObject” elgment
ditional properties: an optional “description” element, zero or more “name” elements, an optional
ement, and a mandatory “gml:id¥l.attribute. These properties are inherited by all the
that are substitutable for AbstractTimeObject.

b” is represented by the “AbstractTimePrimitive” object element.

ricPrimitive” is representéd,by the “AbstractTimeGeometricPrimitive” object element.
icalPrimitive” is represented by the “AbstractTimeTopologyPrimitive” object element.

X" is representéd by the “AbstractTimeComplex” object element.

icalComglex” is represented by the “AbstractTimeTopologyComplex” object element.
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D.2.5.3 Concrete temporal geometric primitives

<<Interface>>
TM_Order

+ relativePosition(other : TM_Primitive) : TM_RelativePosition

7\

<<Uses>>

<<Interface>>
TM_Separation

+ length() : TM_Duration A

TM_Primitive

“T™M

A
/|\ ’_‘
|

|i<is es>2 | TM_GeometricPrimitive

begin | 1.1 Beginning o

TM_Instant begunBy{ “TM_Period
“«|
{self.begin.position<self.end.position} o endedBy

+ position : TM_Position
1.1

end

Ending

Figure D.31 — Profile of temporal geometric.objects adapted from ISO 19108

Primitive” is represented by the “AbstractTimePrimitive” object element. Additiona

“relatedTime” representing the result of “relativePosition(other:TM_Primitive)” operations has bee

“TM_|
addit

“TM]
“time|

“TM |
by as
GML
each

GeometricPrimitive” is represented by‘\’the “AbstractTimeGeometricPrimitive” object
onal property “abstractTimelLength” représenting the result of the “length()” operation has be

 Instant” is represented by the “Timelnstant” object element. The “position” attribute is repres
Position” property.

Period” is represented by.the “TimePeriod” object element. The “begin” and “end” roles arg

as follows: “end’_is7in a choice block with “endPosition” and “begin” with “beginPosition”
case has simple-cohtent as discussed in 14.2.2.5.

| properties
 added.

Blement. An
en added.

ented by the

represented

sociation properties of the same name in GML. These associations have an alternative repriesentation in

the latter in
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D.2.5.4 Temporal duration

<<DataType>>
TM_Duration

7

The GML pr
substituting.
follows:

“TM_Interval

“unit”, “radix”

“TM_PeriodL
The XML Sc
removes the

<<DataType>> <<DataType>>
TM_PeriodDuration TM_IntervalLength
+ designator : CharacterString = P + unit: CharacterString
+ years [0..1] : CharacterString + radix : Integer
+ months [0..1] : CharacterString + factor : Integer
+ days [0..1] : CharacterString + value : Integer

+ timelndicator [0..1] : CharacterString=T
+ hours [0..1] : CharacterString

+ minutes [0..1] : CharacterString

+ seconds [0..1] : CharacterString

Figure D.32 — DataTypes representing temporal duration 1SO.19108

bperty element “abstractTimelength” is abstract, with either a “timelnterval or “duration” elgment
These have XML Schema types which implement the data_types shown in Figure D.3R, as

_ength” is implemented using a simple content type constructed by adding the XML attriputes
and “factor” to the XML Schema built-in type “decimal”.

uration” is implemented by the XML Schema built-in type “duration” (see discussion in 14.2.2.8).
nema type “duration” prescribes a literal value with the lexical form described in ISO 8601, yhich
need to implement the list of attributes of'the TM_PeriodDuration class separately.
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Temporal position

<<union>>
TM_Position

+ anyOther : TM_TemporalPosition
+ date8601 : Data

+ time8601 : Time

+ dateTime8601 : DateTime

position

ISO 19136:2007(E)

frame |1..1
AL

TM_TemporalPosition

0..*

+ indeterminatePosition [0..1] : TM_IndeterminateValue

TM_ReferenceSystem

<<DataType>>
JulianDate

value

>

<<DataType>>
TM_Coordinate

+ coordinateValue : Number

1 <<DataType>>

TM_OrdinalEra

<<Enumeration>>
TM_IndeterminateValue

+ unknown : Code
+ now : Code

+ before : Code

+ after : Code

position | TM_OrdinalPosition

—>

<<DataType>>
TM_(CalDate

+ calDate : Sequence<integer>
+ calendarEraName : CharacterString

<<DataType>>
TM_DateAndTime

A

<<DataType>>
TM_ClockTime

+ clkTime : Sequence<Number>

Figure D.33 — Temporal position, from ISO 19108

Components represented as UML attributes of type TM_Position are represented as GML proper{ies with XML
Schema type gml:TimePositionType) This is a simple content type the details of whose derivation are

desc

ibed in 14.2.2.5. This represents’the requirements shown in Figure D.33 as follows:

“TM_|Coordinate”, which gives~temporal position represented by a single number, is implemented by XML
Schema type “decimal’;

“TM_|OrdinalPosition”, avhich carries an association with a TM_OrdinalEra, is implemented by

type
refer¢nces;

ML Schema

“anyURI”, whichyfollows the pattern used in GML where associations are implemented through

“TM_|CalDate*;, which carries attributes consisting of sequence of numbers for the calendar datg, and an era

“‘gYe

rMonth”, whose lexical representations follow ISO 8601, to which an XML attribute

name, is implemented in gml:CalDate by a union (choice) of XML Schema types “date”, “gYear’,
“calenglarEraName”

is added:

“TM_ClockTime”, which carries a sequence of numbers describing an instant that recurs daily, is implemented
by XML Schema type “time”, whose lexical representation follows ISO 8601;

“TM_DateAndTime” is implemented by XML Schema type “dateTime”, whose lexical representation follows

ISO 8601;

The variants “date8601”, “time8601” and “dateTime8601”, shown in TM_Position, are implemented by the
XML Schema types “date”, “time” and “dateTime”, already introduced;

“IndeterminatePosition” is represented using an XML attribute of the same name;
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The role “frame” is implemented using an XML attribute of the same name, whose value has type “anyURI”,

which follows

the pattern used in GML where associations are implemented through references.

D.2.5.6 Temporal topology

TM_TopologicalComplex

“TM_Topolog
“primitive” ro

“TM_Topolog
“complex” ro
optional.

“TM_Node” i
implemented
“position” prd

“TM_Edge” i
property eler

D.2.5.7 Te

The UML cla

e is implemented by a property element of .the same name.

5 implemented by the “TiméNode” object element. The “previousEdge” and “nextEdge” role

5 implementedhby’the “TimeEdge” object element. The “start” and “end” roles are implement
hents of thetsame name in GML. The “geometry” role is implemented by the “extent” propert

mporal.reference systems

complex | 1.1 TM_Primitive
Complex
1.% | primitive A

TM_TopologicalPrimitive

7

*

end

TM_Edge _ TM_Node
previousEdge  Termination 1.1
0..* start
topology| 0..1 nexttdge Initiation topology | 0..1
Realization Realization
O..1\l/geometry 0.1 \l/geometry
TM_Period TM_Instant

Figure D.34 — Profile of temporal topology(adapted from ISO 19108

icalComplex” is represented by the “AbstractTimeTopologyComplex” object element.

icalPrimitive” is represented by~the “AbstractTimeTopologyPrimitive” object element.
e is implemented as a reference by a property element of the same name, though this is

by property element$ of the same name in GML. The “geometry” role is implemented b
perty.

ss-diagrams in Figures D.35 to D.38 illustrate the profile of the “Temporal Reference Sys

The

The

made

s are
y the

bd by

ems

package (compare with ISO 19108:2002, Figures 7 to 10).
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TM_ReferenceSystem

+ name : RS_ldentifier
+ domainOfValidity [0..*] : EX_Extent

" |

TM_OrdinalReferenceSystem TM_Calendar

TM_CoordinateSystem TM_Clock

Figure D.35 — Hierarchy of temporal reference systems from ISO 19108

“TM_|ReferenceSystem” is implemented by the “AbstractTimeReferenceSystem?’ ~object element. The
“AbsfractTimeReferenceSystem” element may carry additional properties: an optional “description” element,
one or more “name” elements, an optional “identifier” element, and a mandatory "gml:id" gttribute. The
“dompinOfValidity” attribute is implemented using an XML attribute of the same name. This has XML Schema
type fstring” which implements the “description” attribute of EX_Extent (s€e ISO 19115).

Thesg properties are inherited by all the components that are substitutable for AbstractTimeReferenceSystem.

D.2.5.8 Calendars and clocks

TM_Calendar
datingSystemYL* dateBasis | 0..*
Basis Resolution
1.* \JsreferenceFrame 0..1| timeBasis
TM) CalendarEra TM_Clock
+ name“.CharacterString + referenceEvent : CharacterString
+ referenceEvent : CharacterString + referenceTime : TM_ClockTime
+réferenceDate : TM_CalDate + utcReference : TM_ClockTime
+YjulianReference : JulianDate
+ epochOfUse : TM_Period

Figure D.36 — Model for calendar and clock, from ISO 19108

“TM_|Galendar” is implemented by the “TimeCalendar’ object element. The “referenceFrame” role is
impICIIIUI ItUd do d plupcﬁy UEUIIICI I‘l Uf thc odITIC TIdlTIe.

“TM_CalendarEra” is implemented by the “TimeCalendarEra” object element. The “referenceEvent’,
“referenceDate”, “julianReference” and “epochOfUse” attributes are implemented as property elements of the
same names.

“TM_Clock” is implemented by the “TimeClock” object element. The “referenceEvent”, “referenceTime”, and
“utcReference” attributes are implemented as property elements of the same names. The “dateBasis” role is
implemented as a property element of the same name.
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D.2.5.9 Time coordinate systems

TM_CoordinateSystem

+ Origin : DateTime
+ interval : CharacterString

Figure D.37 — Model for temporal coordinate system, from ISO 19108

“TM_CoordinateSystem” is implemented by the “TimeCoordinateSystem” abject element. The “origin” attribute
is implemenfed as a choice of property elements “origin”, which refers to a Timelnstant, or “originPogition”
which encodgs a position directly. The “interval” attribute is implemented as a property element of.the same
name, using [TimelntervalLengthType which follows ISO/IEC 11404.

D.2.5.10 Temporal ordinal reference system

TM_OrdinalReferenceSystem

1..1 ] system

Structure

component | 1..*

member .
0 TM_OrdinalEra TM_Edge
+ name : CharacterString D
Composition + begin [0..1] : DateTime

1.1 + end [0..1] : DateTime
group

Fiqure D.38 — Model for temporal ordinal reference system, adapted from ISO 19108

©

“TM_OrdinalReferenceSystem” is implemented by the “TimeOrdinalReferenceSystem” object element| The
“component’|role is implemented as a property element of the same name.

“TM_OrdinalEra” is implemented by, the “TimeOrdinalEra” object element. The “name”, “begin” and [‘end
attributes arp implemented by (he™ “name”, “start” and “end” properties inherited from TimeEdge| The
“member” role is implemented_as property element of the same name. The “group” role is implemented as a
reference byl a property elément of the same name. An optional “description” and a mandatory "gml:id"
property are plso inheritedfrom TimeEdge.

D.2.5.11 Conformance

The rules goyefning conformance of a profile with ISO 19108 are described in ISO 19108:2002, Clause ¥ and
Annex A. Concerning the criteria defined in Clause 2, GML as an application schema for data transfer targets
conformance with A.1. The conditions of this conformance clause are met by the profile specified above.

D.2.6 1SO 19109 rules for application schema
GML implements a subset of the general feature model defined in ISO 19109.

In addition extensions are implemented by GML. The general feature model is concerned only with feature
types whereas an application schema (in GML or UML) will often deal with additional information types.
Examples are data types, enumeration types, union types, etc. which are not specified explicitly in the general
feature model. ISO 19109 therefore specifies that only a one-way mapping from the general feature model to
the application schema is possible.
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Like in the case of UML, the mapping from the general feature model to the GML feature model described in
XML Schema is in general straightforward.

The changes shown in Table D.6 have been applied to the general feature model of ISO 19109.

Table D.6 — Description of the implementation of ISO 19109

Change

Explanation

GF_FeatureOperation deleted

Operation are not supported

Multiplicity of GF_InheritanceRelation/supertype
changed to “1”

Only single inheritance is supported and mappl
substitution group mechanism of XML Schem

ed to the
3]

Somé additional comments on the metaclasses of the general feature model are shown'in Table I

Table D.7 — Remarks on the implementation of ISO 19409

D.7.

Change

Explanation

GF_AssociationType

In general, the composition of association roleg
associations is.hot directly represented in GML
schemas.

If the relationship between two association rolg
expressed explicitly in the GML application sch
the reles may be cross-referenced by

- ¥ representing the qualified element name o)
object class in an applnfo annotation elem
gml :targetElement which is of type x5

- representing the qualified property name g
association roles in an applnfo annotation
gml : reverseProperty which is of type
xsd:string

- optionally representing the name of the as
an applnfo annotation element
gml:associationName which is of type
xsd:string

to
application

s shall be
ema, then

f the target
ent
d:string

f the inverse
element

Sociation in

2 GF_Constraint Constraints may be mapped to schematron copstraints or
may be just expressed as text in documentatiop
annotations.

The relationship between an application schema in UML and in GML is described as part of the Annexes E

and F dealing with the mapping between ISO 19109 and GML application schemas.

D.2.7 ISO 19111 spatial referencing by coordinates

D.2.7.1

Overview

The full conceptual model of ISO 19111 is implemented in GML. The mapping is in general a straightforward
mapping from the conceptual model to the GML schema. Only, schema components with a more complex
mapping are detailed in D.2.7.

Wherever a GML object is associated with a Coordinate Reference System, this is implemented by an
attribute (srsName) pointing to a gm1 : AbstractCRS element.
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Additional attributes are defined in the content model of the same element carrying redundant information
about the coordinate reference system. srsDimension is the dimension of the coordinate reference system
as stated in the coordinate reference system definition. The axisLabels and uomLabels attributes are lists
of the labels and units of measurement associated with the different axes of the coordinate reference system.

D.2.7.2 Identified object package

For the implementation in GML, the 10_ldentifiedObjectBase and the SC_CRS classes are merged into the
I0_IdentifiedObject class to support a simpler XML encoding of the 10 _ldentifiedObject class. Note that the

“name” attribute of SC_CRS is mapped to the “name” attribute of IO_IdentifiedObject.

The 10_Iden
derived-by-e

RS _Identifier
the codeSp3

ifiedObject type is implemented by gml:IdentifiedObject element and its content mo
tension from gml :DescriptionType.

ce attribute of gm1 : CodeType.

del is

is implemented by gm1 :CodeType. If used, the "version [0..1]" attribute shall be(represented in

EXAMPLE A name for coordinate reference system "4326" from version 6.3 of the Intepnational Association|of Oil

and Gas Prodlicers' EPSG dataset (EPSG) may be represented using a URN defined in the urn:x‘ogc namespace as:
<name c¢deSpace="urn:x-ogc:def.crs:EPSG:6.3:">4326</name>

The use of the optional gml:description property is supported to allow encoding additional information

about each GRS object.

The "name" attribute is implemented by the gm1:identifier property.

The "identifigr" attribute is implemented by the gm1 : name property.

The "alias" ajtribute is implemented by the gm1 : name property, too.

NOTE In|a reverse mapping, identifiers would be those gml:name with a codeSpace that could be mapped|to an

RS_Identifier and all other would become aliases.

D.2.7.3 Coordinate reference system-package

The SC_CRS

The "coordin
implemented
ellipses.

The "datum"”
where the sp

b class is implemented-by.gm1 : AbstractCRS.

by gml:coorXdinateSystem/gml:..CS where the specific CS type name is substitute

association role to a concrete subclass of the CD_Datum class is implemented by gm1:..D
ecific datum type name is substituted for ellipses.

pteSystem"/"...C8”-association role to a concrete subclass of the CS_CoordinateSystem clagss is

d for

b tum

NOTE TH

. . HotheTwiset r |

not be specified in the GML schema.

could

The "componentReferenceSystem" association role from the SC_CompoundCRS class to the SC_SingleCRS
class, is implemented by the gml : componentReferenceSystem property.

The "baseCRS" association, from the SC_ProjectedCRS class to the SC_GeodeticCRS class, is implemented
by the gml :baseGeodeticCRS property.
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.4 Coordinate system package

Besides the implementation rules specified in D.2.7.2 and D.2.7.3 the mapping is straightforward with the
exception that the "axisUnitID" attribute of CS_CoordinateSystemAxis is implemented by the uom XML
attribute.

D.2.7

.5 Datum package

Besides the implementation rules specified in D.2.7.2 and D.2.7.3 the mapping is straightforward, except for
the fact that the order of the properties in the CD_Datum has been changed in the mapping to

gml:

AbstractDatum.

D.2.7

The
conc

The
conc
restri

The
gml

The
CC ¢

The
are ir
depe

D.2.8 ISO 19112 spatial referencing by geographic identifiers

GML

spatigl references by geographic identifiers:

D.2.9 ISO 19115 metadata

GML
meta

(jAbstractCoordinateOperation.

The property <gml:locationName> contains a text that describes the location.

The property <gmlilecationReference> references a text that describes the location.

.6 Coordinate operation package

CC_Conversion and CC_Transformation classes are implemented in two steps as\separate
ete elements.

barameterValue and method association roles from the CC_Operation—¢lass are implem

ete gml:Conversion and gml:Transformation elements, to reddcethe need to use

ction.

order of the properties in the CC_CoordinateOperation shas been changed in the
"coordOperation" association role, from the “.€C_ConcatenatedOperation cla

CoordinateOperation class, is implemented by the gul¢coordOperation property.

parameter" association roles to the CC_GeneralOperationParameter or CC_OperationPar

hplemented by the gml :generalOperatiehParameter or the gml:operationParame
hding on the target class.

does not provide a predefined 'schema for gazetteers. However, it does provide predefined

does\not provide an information model for metadata. Instead a mechanism to include
Hata is provided for all object elements.

abstract and

ented in the
ML Schema

mapping to

s to  the

bmeter class

ter property

broperties for

or reference

NOTE

As specified in 7.2.6, if metadata following the conceptual model of ISO 19115 is to be encoded in a GML

document, the corresponding XML Schema specified in ISO/TS 19139 shall be used to encode the metadata information.

D.2.10 ISO 19118 encoding

The encoding rules described in E.2 conforms to ISO 19118 Level 1.

D.2.11 ISO 19123 coverages

The UML model of the GML profile defined in this annex describes a conceptual model of the abstract types
defined in ISO 19123. Table D.8 maps GML Coverage object and property names to the corresponding class
names and their attributes in ISO 19123 to ease the comparison with that standard.
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The additional changes shown in Table D.9 have been applied to the coverage package of ISO 19123.

288

Table D.8 — Description of the implementation of ISO 19123

ISO 19123 construct

GML construct

CV_Coverage

AbstractCoverage
(AbstractCoverageType)

domainExtent (attribute)

boundedBy (property)

domainElement (role name)

domainSet (property)

rangeElement (role name)

rangeSet (property)

AttributeValues

ValueArray

or
AbstractScalarValueList

CoverageFunction (association)

coverageFunction (property)

CV_GridValuesMatrix

GridFunction

sequencingRule (attribute)

sequenceRule (property)

CV_SequenceRule

SequenceRuleType

CV_SequenceType

SequenceRuleNames

scanDirection (attribute)

order (attribute)

startSequence (attribute)

startPoint (property)

CV_Grid Grid
CV_GridEnvelope GridEnvelope
low (attribute) low: (property)
high (attribute) high (property)
CV_RectifiedGrid RectifiedGrid

origin (attribute)

origin (property)

offsetVectors (attribute)

(set of) offsetVector(s) (property)

CV_DiscretePointCoverage

MultiPointCoverage

CV_DiscreteCurveCoverage

MultiCurveCoverage

CV_DiscreteSdarfaceCoverage

MultiSurfaceCoverage

CV_DiscreteGridPointCoverage

GridCoverage
or

RectifiedGridCoverage
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Table D.9 — Description of the profile of ISO 19123

Change

Rationale

All subclasses of CV_ContinuousCoverage deleted

Currently not supported by GML.

Coordinate Reference System association deleted from
CV_Coverage

Replaced by srsName (or frame) attributes on the
Geometry or Temporal objects in the domain. The GML
coverage package allows for domain objects to be in
different coordinate reference systems (or reference
frames).

CV_CommonPointRule deleted

Currently not supported by GML.

AttriquteValues deleted

Replaced by a choice between the GML analdgues:
ValueArray or AbstractScalarValuelList.

CV_GeometryValuePair deleted

The GML coverage encodes only the domain-fange
functional viewpoint.

CV_GridValuesMatrix deleted

The mapping between grid paintsrand range vplues
including sequence rule, etclis-contained in an object
(GridFunction) that doesot inherit from Grid.

CV_GridCell

Currently not supported-by GML.

The UML class diagram in Figure D.39 illustrates the profile of the “Coverage root” package (compare with

ISO 19123:2005, Figure 2).

<<Union>>
RangeSet
<<Union>>
DomainSet + sequence<ValueArray>
: AbstractCoverage + sequence<AbstractScalarValueList>
+ GM_Object + DataBlock
+ TM_Object + domainSet :»DarmainSet + File
+ rangeSet\;[RangeSet

1

AbstractDiscreteCoverage

The
Figures-334 and 5).

AbstractContinuousCoverage

Figure D.39 — Coverages overview

UML ¢lass diagram in Figure D.40 illustrates the discrete coverages (compare with ISO

© 1SO 2007 — All rights reserved
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AbstractCoverage

+ domainSet : DomainSet
+ rangeSet : RangeSet

<<Union>>
CoverageFunction
+ MappingRule
+ GridFunction

AbstractContinuousCoverage

AbstractDiscreteCoverage

+ coverageFunction [0..1] : CoverageFunction

1

MultiPointCoverage MultiSurfaceCoverage

GridCoverage

MultiCurveCoverage MultiSolidCoverage

RectifiedGridCoverage

The rules ggverning conformance of a profile of ISO 19123~ are described in ISO 19123:2005, Clause !

Annex A.
The conditiofs of the following conformance clauseés are met:
— A.1.1 Sijnple coverage interface

— A.1.2 Digcrete coverage interface

— A.1.4 Quadrilateral grid coverage interface

Note that derived attributes\are treated as operations and it is assumed that the derived attributes W

derived from(the data by.th€ application handling the GML instances.

D.3 Extension‘of the profile of the ISO 19100 series of International Standards

Figure D.40 — Discrete coyérages

P and

ill be

D.3.1 Overview

The following subclauses define the additional parts of GML that are not covered by the profile of the
ISO 19100 series defined in D.2. UML is used as the conceptual schema language to describe the additional
elements in accordance with ISO/TS 19103. For details on the semantics of the additional classes see

Clauses 7 to 19.

The GML schema components have been grouped semantically based on the structure of the Clauses 7 to 19
and a package for each grouping is created. The required additional classes not documented in D.2 are

defined in the corresponding package. The packages are part of a package “GML”".
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D.3.2 Package “basicTypes”

In addition to the types from ISO/TS 19103, 8.2 defines a number of additional types that are used and
required by other GML schema documents.

Most of these additions are the result of the capability to provide information about void information (nilReason
attributes). It has been added to the GML schema based on user requirements and since the concept was
considered to be of general utility (see Figures D.41 and D.42).

The list types are just convenience types to simplify the writing of the GML schema.

<<CodeList>> <<Union>> <<Enumeration>>
NilReasonEnumeration NilReason Sign
+ inapplicable + NilReasonEnumeration +
+ missing + URI pnn
+ template
+ unknown
+ withheld
A string value is restricted to the pattern|
implied by the"xsd:Name type
<<Union>> <<Union>> <<Union>>
booleanOrNilReason stringOrNilReason NameOrNilReason
+ value : Boolean + value : CharacterString + value : CharacterString
+ nilReason : NilReason + nilReason : NilReason + nilReason : NilReason
<<Union>> <<Union>>
doubleOrNilReason integerOrNilReason
+ value : Real + value : Integer
+ nilReason ;NilReason + nilReason : NilReason
<<Type>>
CharacterString

(from ISO/TS 19103)

7

<<Type>>

Coordinates <<Type>>

URI

+ decimal [0..1] : CharacterString ="."
+ c¢s [0..1] : CharacterString =","
+ts [0..1] : CharacterString = "&#x20;"

Figure D.41 — Simple types
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<<Type>> <<Type>>

booleanList booleanOrNilReasonList

+ list : sequence<Boolean> + list : sequence<booleanOrNilReason>
<<Type>> <<Type>>
integerList integerOrNilReasonList
+ list : sequence<Integer> + list : sequence<integerOrNilReason>
<<Type>> <<Type>>
doubleList doubleOrNilReasonList
+ list : sequence<Real> + list : sequence<doubleOrNilReason>

<<Type>> <<Type>>

MeasureList MeasureOrNilReasonList

+ uom : UnitOfMeasure + uom : UnitOfMeasure
<<Type>> <<Type>>
NamelList NameOrNilReasonList
+ list : sequence<GenericName> + list sequence<NameOrNilReason>
<<Type>> <<Type>> <<Type>>
CodelList QNamelList CodeOrNilReasonList
+ cpdeSpace [0..1] : URI + list : sequence<ScopedName> + codeSpace [0..1] : URI

<<Type>>

NCNamelList

+ list : sequencé<LocalName>
Figure D.42 — Lists
D.3.3 PacKage “gmiBase”

In addition to the types from ISO/TS 19103, 7.2 defines few additional types that are used by other GML
schema documents besides those that are part of the mapping from the conceptual schema to the XML
Schema implementation. The representation of object types, association roles, etc. in XML Schema is
described in Annex E.

gml:AbstractObject, gml:AbstractGML and gml:AbstractFeature (see D.3.4) make general

concepts explicitly available for use in an application schema. This is required/useful, for example when a
property may carry a value that is any feature (see Figures D.43 and D.44).
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<<Type>>
Any
(from ISO/TS 19103)

<<Type>>
AbstractObject

<<Type>>
AbstractGML

+ description [0..1] : CharacterString
+ descriptionReference [0..1] : URI
+ name [0..*] : GenericName

+ identifier [0..1] : ScopedName

Figure D.43 — Base types

<<Enumeration>>
AggregationType

+ set

+bag
+sequence
+ array

+ record

+ table

Figure D.44 — Aggregation types of collection

D.3.4 Package “feature”

This [subclausé ‘specifies additional types used in Clause 9. The types clarify the representatipn of feature
typeqd and common, predefined, optional property elements, namely names, an identifier, a desdription and a
bounfing envelope (see Figure D.45).
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<<Type>>
AbstractObject

(from gm/Base)

7

<<Type>>
AbstractGML

(from gmiBase)

+ description [0..1] : CharacterString
+ descriptionReference [0..1] : URI

+ name [0..*] : GenericName
+ identifier 011 . Scopehame.
£t p

7

<<FeatureType>>
AbstractFeature <<MetaClass>>

CAM Ervalanae T ——— —|> GF_FeatureType
+ boundedBy [0..1] : GM_Envelope (from 1S0 19109)

<<DataType>>
GM_Envelope
(from ISO 19107)

7

<<DataType>>
EnvelopeWithTimePeriod

+ frame : TM_ReferenceSystem = "ISO-8601"
+ beginPosition : TM_Position
+ endPosition : TM_Position

Figure D.45 — Features

D.3.5 Package “geometryBasic0d1d”

This subclauge specifies additional types used in 10.3 and 10.4.

<<Type>>
GM_Curve
(from 1SO 19107)

<<Type>>

LineString {segment->size=1 and

————— segment->forAll(oclIsKindOf(GM_LineString))} Ij

Figure D.46 — GM_Curve with a single GM_LineString segment
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An additional subtype of GM_Curve is added in GML. “LineString” is a special curve that consists of only
GM_LineString segments. The XML representation of the “LineString” object element joins all the segments

into one segment and its control points are represented as direct properties of the “LineString”. (See
Figure D.46.)

The "LineString" type as specified above was added as a convenience type since it represents a typical case
in practice.

D.3.6 Package “geometryBasic2d”

This subclause specifies additional types used in 10.4.5.

<<Type>>
GM_Surface
(from 1ISO 19107)

i

<<Type>> -
Polygon {patch->size=1 and
————— patch->forAll(ocllsKindOf(GM_Polygon))}
<<Type>>
GM_Ring
(from ISO 19107)

i

<<Type>> -
LinearRing {generator->size=1 and ﬁ

————— generator->forAll(ocllsKindOf(LineString))}

Figure D.47 — A GM_Surface with a single GM_Polygon patch

An adlditional'subtype of GM_Surface is added in GML. “Polygon” is a special surface that consigts of a single
GM_Polygon patch. Since only a single patch exists, the XML representation of the “Polygon” object element

skips| the“patch level and the exterior and interior boundary properties of the patch are represerjted as direct
properties of the “Polygon”.

In a similar way, “LinearRing” is a simple ring (a GM_Ring represented by a single line string).

The "Polygon" and "LinearRing" types as specified above were added as convenience types since they
represent a typical case in practice. (See Figure D.47.)

D.3.7 Package “geometryPrimitives”

This subclause specifies additional types used in 10.5.10.
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<<Abstract>>
GM_CurveSegment

(from Geometric primitive)

+ interpolation : GM_Curvelnterpolation = "linear"
+ numDerivativesAtStart[0..1] : Integer =0
+ numDerivativesAtEnd[0..1] : Integer =0
+ numDerivativelnterior[0..1] : Integer =0

<<Abstract>>
GM_SurfacePatch

(from Geometric primitive)

+ interpolation : GM_Surfacelnterpolation = "planar”
+ numDerivativesOnBoundary[0..1] : Integer =0

The curve s
have been ¢
application d

D.3.8 Pack

This subclau

<<DataType>>

Rectangle

+ boundary : GM_SurfaceBoundary

ArcByCenterPoint

+ controlPoint : GM_PointArray
+ radius : Length

+ startAngle [0..1] : Angle

+ endAngle [0..1] : Angle

<<DataType>>
CircleByCenterPoint

bmains (see Figure D.48).

age “geometryAggregates”

boundary.interior->isEmpty and
boundary.exterior.ocllsKindOf(LinearRing)

interpolation = "circularArcCenterPaintWithRadius" Ij

e specifies additional types used in 11.3.

Figure D.48 — Additional curve segments.and surface patches

gments “ArcByCenterPoint” and “CircleByCenterPoint” as well as the surface patch “Rectd
efined in GML since these representations of a circle or arc are commonly used in sqg

<<Type>>
GM_Aggregate

(from Geometric aggregates)

MultiGeometry

Figure D.49 — Additional geometric aggregates

ngle”
veral

GML defines an instantiable geometric aggregate which is not restricted to elements of a single dimension:
“MultiGeometry”. This type has been added since such a collection of geometry objects is used in several
applications and it is considered a generally useful concept. (See Figure D.49.)
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D.3.9 Packages “coordinateOperations”, “coordinateReferenceSystems”,
“coordinateSystems”, “dataQuality”, “datums”, “referenceSystems”

D.3.9.1 Overview

D.3.10 specifies temporal reference systems as an additional coordinate reference system subtype along with
types for temporal datums and time coordinate systems.

The mapping to the GML objects implementing these types (gml:TemporalCRS, gml:TimeCS and
gml : TemporalDatum) is straightforward and follows the rules described in D.2.7.

D.3.9.2 UML schema of package "coordinateReferenceSystems"

Figure D.50 shows the UML class diagram of the coordinateReferenceSystems package'relevant to temporal
CRS

<<Type>>
SC_SingleCRS
(from 1ISO 19111)

<<Type>>
TemporalCRS
(from coordinateReferenceSystems)

Figure D.50 — TemporalCRS

Table D:10 — Defining elements of TemporalCRS class

Desdfription: A 1D coordinate reference system used for the recording of time.
Stergotype: (none)
Derived from SC\SingleCRS

Assogiation roles:. datum to TemporalDatum [1]
coordinateSystem to CS_TimeCS [1]
(associations inherited from SC_SingleCRS)

Public attributes: 6 attributes inherited from 10_IdentifiedObjectBase, RS_ReferenceSystem and SC_CRHS.

D.3.9.3 UML schema of package "coordinateSystems"

A time coordinate system is a 1-dimensional coordinate system containing a single time axis and is used to
describe the temporal position of a point in the specified time units from a specified time origin.

Figure D.51 shows the UML class diagram of the coordinateSystems package relevant to time coordinate
systems. A restriction on the association between SC_SingleCRS and CS_CoordinateSystem is shown in the
UML class diagram in Figure D.52.

There are restrictions on associations between Coordinate Reference System subtypes and Coordinate
System subtypes are shown in the UML class diagram in Figure D.52.
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<<Type>>
CS_CoordinateSystem
(from ISO 19111)

<<CodelList>>
CS_AXxisDirection
+ future
+ past
<<Type>>
TimeCS

Figure D.51 — TimeCS

<<Type>> <<Type>>
SC_SingleCRS CS_CoordinateSystem
(from 1ISO 19111) (from 1ISO19111)

<<Type>> <<Type>>
TemporalCRS +referenceSystem +coordinateSystem TimeCS

(from coordinateReferenceSystems) 0" 1

Figure D.52 — Association between-TemporalCRS and TimeCS

Table D.11 — Defining elements of TimeCS class

Description: A one-dimensional coordinate system containing a time axis, used to describe the temporal position
of a point in the specified*time units from a specified time origin. A TimeCS shall have ong axis
association.

Stereotype: (none)

Derived from CS_CoordinateSystem

Association rgles:  coordinateSystem from TemporalCRS [1]

(associations inherited from CS_CoordinateSystem)

Public attributes: .4 attributes inherited from 10 _IdentifiedObject and 10_ldentifiedObjectBase.
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Table D.12 — Defining elements of CS_AxisDirection class

Used by:

Association roles:  (none)

CS_CoordinateSystemAxis

Public attributes:

Description: The direction of positive increase in the coordinate value for a coordinate system axis.
Stereotype: CodelList
Derived from (none)

Attribute UML identifier Data type Obligation Maximum Attribute description
name occurrence
future Future CharacterString C 1 Axis positive difection|is towards
the future.
past Past CharacterString C 1 Axis positive direction|is towards

the past.

Condition: One and only one of the listed attributes shall be supplied.

D.3.9.4 UML schema of package "datums"

Figure D.53 shows the UML class diagram of the datums packagg.relevant to temporal datums

on the association between SC_SingleCRS and CD_Datum is shown in the UML class diagram ir

<<Type>>
CD_DPattm
(from,1SO 19111)

<<Type>>

TemporalDatum

+ anchorDefinition [0..0] : CharacterString
+ realizationEpoch [0..0] : Date
+ origin : DateTime

Figure D.53 — TemporalDatum
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<<Type>> <<Type>>
SC_SingleCRS CD_Datum
(from 1SO 19111) (from 1SO 19111)
<<Type>>
<<Type>> TemporalDatum
TemporalCRS +referenceSystem  + datum - .
(from coordinateReferenceSystems) o ; + anchorDefinition [0..0] : CharacterString

+ realizationEpoch [0..0] : Date

+ origin : DateTime

Figure D.54 — Association between TemporalCRS and TemporalDatum

Table D.13 — Defining elements of TemporalDatum class

Description: A temporal datum defines the origin of a temporal reference system.
Stereotype: (none)
Derived from CD_Datum
Association rples:  datum from TemporalCRS [1]
Public attributes: 8 attributes inherited from CD_Datum, 10_Identified@bject and IO_ldentifiedObjectBase, plus:
Attribute UML identifier Data type Obligation Maximum Attribute description
name occurrence
Origin origin DateTime M 1 The date and time origin of this
temporal datum.
Of the 8 inhetlited attributes the following two are modified:
Anchor anchorDefinition | CharacterString M 0 This attribute is not used by a
definition temporal datum.
Realization || realizationEpoch Date M 0 This attribute is not used by a
epoch temporal datum.
D.3.10 Package “topology”

This subclau

300

e specifies’ additional types used in Clause 13.
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TP_Expression
(from Topological primitive)

N

ISO 19136:2007(E)

GML

“TopoPoint”, “TopoCurve”, “TopoSurface” and “TopgVolume”. These are convenience type

<<DataType>> <<DataType>> <<DataType>> <<DataType>>
TopoPoint TopoCurve TopoSurface TopoVolume

| | | |
term->forAll(variable.ocllsKind Of(TP_DirectedNode) Ij | term->forAll(variable.ocllsKind Of(TP_DirectedFace) Ij |
l l

term->forAll(variable.ocllsKind Of(TP_DirectedEdge) ﬁ

term->forAll(variakle’ocllsKind Of(TP_DirectedSdlid) Ij

Figure D.55 — Topological expressions

defines several data types containing (or referencing) directed topological primitives, one pér dimension:

intenfled to be used in properties of features in applications. (See Figure D.55.)

D.3.]

1 Package “dynamicFeature”

This pubclause specifies additional types used in 14.5.

The dynamic feature concept hasibeen added to GML, because a capability to express
properties has been considered a fundamental concept of geographic information. (See Figure D,

<<FeatureType>>
BynamicFeature

+ validTime [0..1] : TM_Primitive

+ history [0..*] : AbstractTimeSlice
+'dataSource [0..1] : CharacterString
+ dataSourceReference [0..1] : URI

A *

5 which are

time varying
56.)

<<Ty pe>>
AbstractTimeSlice

+ validTime

: TM_Primitive
+ dataSource [0..1] : CharacterString
+ dataSourceReference [0..1] : URI

©I1SO

U..
+dynamicMembers

Q

<<FeatureType>>
DynamicFeatureCollection

Figure D.56 — Dynamic features

2007 — All rights reserved
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D.3.12 Package “dictionary”

This subclause specifies additional types used in Clause 15. The dictionary concept has been added to GML,
because a capability to encode dictionaries of code lists, units and coordinate reference systems is
fundamental for working with instance data and application schemas. (See Figure D.57.)

<<Ty pe>>
AbstractGML

(from gmiBase)

+ description [0..1] : CharacterString

+ descriptionReference [0 1] URI

NOTE TH
name in ISO/T|

+ name [0..*] : GenericName
+ identifier [0..1] : GenericName

{identifier->size>=1} Ij

<<Ty pe>>
Definition

+dictionaryEntry
0..n

<<Type>>
Dictionary

Figure D.57 — Dictionaries

e “Dictionary” class had to be pamed GMLDictionary to avoid a naming conflict with the class with the|same

S 19103.

D.3.13 Package “units”

This subclad
because the
measuremer]

se specifies additional types used in 16.2. The schema has been specified as part of [GML,
model used.nISO/TS 19103 was not sufficient to express the information required about units of

t (see Figure D.58).
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<<Type>>
Definition
(from dictionary)

1

<<Type>>
UnitDefinition

+ quantityType [0..1] : CharacterString
+ quantityTypeReference [0..1] : URI
+ catalogSymbol [0..1] : GenericName

ISO 19136:2007(E)

{roughConversionToPreferredUnit->size +
conversionToPreferredUnit->size = 1}

D.3.]

This pubclause specifies additional types used in 16.3. In addition to the subtypes of "Measure" a
ISO/TS. 19103, another subtype has been used in the context of grids and thus has been specifi

the G

/
Z} /
/
/
/

<<Type>> <<Type>>

BaseUnit ConventionalUnit

+ unitsSystem : URI + conversionToPreferredUnit [0..1] : ConversionToPreferredUnit
+ roughConversionToPreferredUnit [0.:}>_ConversionToPreferredUnit

+ derivationUnitTerm [0..*] : DerivationUnitTerm

<<Type>>
DerivedUnit

+ derivationUnitTerm [1..*] : DerivationUnitTerm

<<DataType>>

ConversionToPreferredUnit

+ uom : UnitOfMeasure
+ factorOrFormula : FactorOrFormula

<<DataType>>
DerivationUnitTerm

<<Union>>
FactorOrFormula

<<DataType>>]
Formula

+ uom : UnitOfMeasure.
+ exponent : Integer

+ factor : Real
+ formula : Formula

+a[0..1] : Real
+ b : Real
+ ¢ : Real
+d[0..1] : Real

Figure D.58 — Unit definitions

4 Package~“‘measures”

ML’schema (see Figure D.59).

©I1SO
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<<Type>>
Measure
(from ISO/TS 19103)

<<Type>>
GridLength

- B-59— Additional

D.3.15 Package “valueObjects”

This subclauge specifies additional types used in 16.4. These types are used in the observations schemg (see
D.3.17).

The compongnt hierarchy is illustrated in the UML class diagrams in Figures D.60 to.D.64. UML generalization
relationships| are used to indicate XML Schema substitution group and choice group membership.|UML
composition felationships are used to indicate membership in an XML Schema type content model.

<<Type>>
AbstractObject
(ffom"gmiBase)
<<Union>>
Value
+ AbstractValue
+ GM_Object
+ TM_Object
<<Type>>
AbstractValue

Figure D.60 — Value expressions
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<<Type>>
AbstractValue

1

<<Type>>
AbstractScalarValue

]

<<Type>>

<<Type>>
BooleanValue Quantity
+ value : booleanOrNilReason + value : MeasureOrNilReason
<<Type>> <<Type>>
Category Count

+ value : CodeOrNilReason +(value : integerOrNilReason

<<Union>> <<Union>> <<Union>> <<Union>3
booleanOrNilReason CodeOrNilReason MeasureOrNilReason integerOrNilRepson
(from basicTypes) i (from basicTypes) (from basicTypps)
+ value : GenericName
+ value : Boolean + nilReason : NilReason +wvalue : Measure + value : Integer
+ nilReason : NilReason + nilReason : NilReason + nilReason : NilRdgason

Figure D.61 — Scalar values

NOTH To avoid a naming conflict with' the class Boolean in ISO/TS 19103, the boolean value object dlass has been
namef BooleanValue.
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<<Type>>
AbstractValue

1

<<Type>>
AbstractScalarValueList

]

<<Type>>
BooleanList

<<Type>>
QuantityList

+va

ue : sequence<booleanOrNilReason>

+ value : sequence<MeasureOrNilReason>

components

must be

homogenous

<<Type>>
CategoryList

<<Type>>
Countlist

+ value : sequence<CodeOrNilReason>

+ value : sequencexintegerOrNilReason>

Figure D.62 — Scalar value lists

<<Type>>
AbstractValue
Z% <<Union>>
<<Type>> Value
GompositeValue +valueComponent + AbstractValue

<

1

<<Type>>
ValueArray

+ uom [0..1] : UnitOfMeasure —

+ codeSpace [0..1] : Namespace

0.* + GM_Object
+ TM_Object

count(uom) +
count(scope) =1

Figure D.63 — Composite value
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<<Type>>
AbstractValue
<<Type>> <<Type>>
QuantityExtent CountExtent
+ value : MeasureOrNilReasonList + value : integerOrNilReasonList
<<Type>>
CategoryExtent

]
[ Length of list shall be 2 Ij ______ 1

T
I
I
I
+ value : CodeOrNilReasonList I
I
I
I

Figure D.64 — Extents

D.3.16 Package “direction”

This pubclause specifies additional types used in-Clause 17 (see Figure D.65). These types ar¢ used in the
obsefvations schema (see D.3.17).

<<Union>> <<Enumeration>>
Direction CompassPoint

+ vector: Vector +N
+(€ompassPoint : CompassPoint + NNE
+ keyword : GenericName + NE

¥ description : CharacterString + ENE
+ reference : URI +E

+ ESE
+ SE

+ SSE
+S
+8SSW
+SW
+WSW
+W

+ WNW
e Il\‘l\"l\‘,l

+ NNW

Figure D.65 — Direction

D.3.17 Package “observation”
This subclause specifies additional types used in Clause 18 (see Figure D.66).

The observation concept has been added to GML, because the concept of observations is considered a
fundamental concept of geographic information.
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<<FeatureType>>
Observation

+ validTime : TM_Instant
+ using [0..1] : Any

+ target [0..1] : Any

+ resultOf : Any

1

<<FeatureType>>
DirectedObservation

+ direction : Direction

If set, the value of "using" shall be an instance
of a class that is a realization of
GF_FeatureType

If set, the value of "target” shall be an
instance of a class that is a realizaton of
GF_FeatureType or a subtype of GM_Object

1

<<FeatureType>>
DirectedObservationAtDistance

+ distance : Length

Figure D.66 — Observation
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Annex E
(normative)

UML-to-GML application schema encoding rules

E.1 General concepts

The r]:‘apping from an ISO 19109 conformant UML Application Schema to the corresponding GI\/’L application
schema is based on a set of encoding rules. These encoding rules are compliant with ¢he’ ryles for GML
appli¢ation schemas and are based on ISO 19118.

The 1fules are derived from the rules for the GML model and syntax as described in-Clauses 7 to 2
Clauge 7. The encoding rules of ISO 19118:2005, Annex A, are used whenever pessible and feag

1, especially
ible.

The fules listed in this annex aim at an automatic mapping from an ISO 19109 and ISO/TS 1910 conformant

UML
a res|
XML
Interr

Thes

application schema to a GML application schema (in accordance with the rules defined in C
ult of this automation, the resulting GML application schema will net make full use of the g
and XML Schema, but will provide an XML implementation~conformant to the 1SO 191
ational Standards with a well-defined, predictable XML grammat.

e rules do not prescribe that all GML application schemas shall be generated by using th

ause 21). As
apabilities of
00 series of

pse rules. All

scheas following the rules defined in Clause 21 are~¥alid and conformant GML applicatipn schemas,

whether they are handcrafted, automatically derived from a UML application schema or produ¢ed by some
otherfmeans.
The $chema encoding rules are based on the general idea that the class definitions in the applicétion schema

are nmpapped to type and element declarations in XML Schema, so that the objects in the instange model can

be mppped to corresponding element structures in the XML document.

E.2 |Encoding rules

E.2.1 General encoding requirements

E.2.11 Applicatian\schemas
E.2.1.1.1 General (application schema, packages)
To b¢ aalid input into the mapping the UML Application Schema shall conform to all of the following rules.

See [SO+119118:2005, A.2.1, for additional requirements.

The UML Application Schema shall conform to the rules defined in ISO 19109 and ISO/TS 19103.

The UML Application Schema shall be represented by a package with the stereotype <<Application
Schema>>. This package shall contain (i.e. own directly or indirectly) all UML model elements to be mapped
to object types in the GML application schema. The package may include other packages without the
stereotype <<Application Schema>> to group the different UML model elements within the application schema.

The UML model shall be complete and not contain external references unless exceptions are explicitly stated
below. Predefined classes may be imported from the standardized schemas of the 1ISO 19100 series of
International Standards. The classes from the 1SO 19100 series of International Standards that are
implemented by the GML schema and used by the UML application schema shall be specified in a package
with the name "ISO19100" or any sub-package of a package with that name.
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Dependencies between packages shall be modelled explicitly. Permission elements with stereotype
<<import>> or unspecified dependency elements between packages shall be used to express the dependency
of elements in a package from elements in another package. All other dependency elements shall be ignored,

see Figure E.1.
1 1
<<Application Schema>> | > <<Leaf>>
Parcels Buildings

I

|

I

I

I

1V
<<Application Schema>>
Geodetic Points
Figure E.1 — Dependency between packages <informative>

The visibility] of all UML elements shall be set to “public”. Only publichyyvisible elements shall be part of
Application §chemas used for data interchange between applications.
Documentatipn of the elements in the UML model shall be stored instagged values “documentation”.
A unique XML namespace shall be associated with they UML Application Schema. Tagged vplues
“targetNamegpace” for the target namespace URI and “xnilns” for the abbreviation shall be set if and gnly if
the package [represents a UML application schema.
The version [number of a package representing. a-UML Application Schema shall be specified in a t§gged
value “version”, if applicable.
A GML proffe may be associated with the. application schema by a tagged value “gmliProfileSchenia”. If
provided, thg value shall be a URL referéncing the schema location of the GML profile.
If a package|shall be mapped to its own XML Schema document, a tagged value "xsdDocument" shall le set
providing a valid relative file name of the schema document. The tagged value shall be set for every pagkage
representing|the UML Application Schema. All tagged values "xsdDocument" in a UML model shall be unjque.
EXAMPLE The valuetpf.an "xsdDocument" tagged value might be "GeodeticPoints.xsd" or "schemas/Parcels.xsd".
E.21.1.2 (Classes
All class names-within the same Application Schema shall be unique and an "NCName" as defined by|[W3C

XML Namespaces:1999.

Feature types shall be modelled as UML classes with stereotype <<FeatureType>>, see Figure E.2.

NOTE 1

Neither 1ISO 19109 nor ISO 19118:2005, Annex A, distinguishes between feature types and object types —

ISO 19109 only considers feature types while 1SO 19118:2005, Annex A, classifies all feature types as object types.
However, the distinction is meaningful in GML and in practice often required in application schemas. The distinction made
in this annex is a conformant refinement of ISO 19118:2005, Annex A.
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<<FeatureType>>
Building
+ extent : GM_Surface
+ address : Address
+ type : BuildingType

Figure E.2 — A feature type <informative>

Object types shall be modelled as UML classes with no stereotype. Object types are types where the

insta

EXAN
have,

UML
appli

The
incon

Allin

Enunperations shall be modelled as UML classes with stereotype'<<Enumeration>>.

Code

Union types shall be modelled as UML classes with stereotype <<Union>> (as specified in ISO 14

All ot

nces shall have an identity, but which are not feature types o/,

PLE Examples of such types are geometries, topologies, reference systems. Instances.of the
for example, a name and an identifier.

classes with stereotype <<Type>> may have zero or more operations (these are-not mappe
cation schema), attributes or associations.

stereotype <<Abstract>> shall not be used in an Application Sechéma, because its
sistent with the use of correct UML notation, and thus misleading.

stantiable subtypes of abstract types shall be either feature types, object types or data types

lists shall be modelled as UML classes with stereotype <<CodelList>>, see Figure E.3.

<<CodelList>>
RarcelUsage

+faetory = 1
+.road =2

+ residential =3
+ offices =4

+ sea, river =5
+ ..

Figure E.3 — A code list <informative>

her data.types shall be modelled as UML classes with stereotype <<DataType>>, see Figursg

se types may

d to the GML

Ise may be

107).

E4.

<<DataType>>

ParcelName

+ countryld : CharacterString

+ stateld : CharacterString

+ municipalityld : CharacterString
+ parcelldPrefix : CharacterString
+ parcelldSufffix : CharacterString

Figure E.4 — A data type <informative>

10) Object types are not considered explicitly in ISO 19109:2005. They appear only as value types of property types.
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UML classes of the ISO 19100 series of International Standards that are part of the GML profile and for which
a GML base type has been provided in Table D.2 in the "GML type" column may be subclassed in the UML
application schema. In the subclasses, additional properties may be added or properties of the subtype may
be redefined with a restricted multiplicity or domain of values.

NOTE 2  Although redefinition of properties is supported, these redefined properties will be ignored in the conversion
rules and it is the responsibility of the application to verify the constraints introduced by the redefinition. All classes with
other stereotypes than those mentioned above may be part of the UML Application Schema, but will be ignored.

NOTE 3  When an Application Schema refers to types defined by other standards of the ISO 19100 series which are
implemented by the GML schema, then the class names should match one of those listed in the first column of Table D.2.

A generalization relationship may be specified only between two classes that are either:

— both feafure types,

— both object types, or

— both datp types.

All generalization relationships between classes shall have no stereotype. All generalization relationship$ with
other stereotypes will be ignored. The discriminator property of the UML generalization shall be blank.

If a class is ja specialization of another class, then this class shall have_ only one supertype (no suppqrt for
multiple inhefitance).

All classes ghall have a stereotype specifying the meaning of _the class. Classes without a stereotypg are

treated as ohject types, see Figure E.5.

<<FeatureType>>
LandClassification

+ featureMetadatd : MD_Metadata
+ extent : GM) Surface

<<FeatureType>>
Lake

+ depth [0..1] : Length

<<FeatureType>>
Forest

+ type : ForestTypeEnumeration

Figure E.5 — Generalization relationship between feature types <informative>

E.2.1.1.3 Attributes

Every UML attribute of an abstract type, feature type, object type, data type or union type shall have a name
and a type. The name shall be an "NCName" as defined by W3C XML Namespaces:1999. If its multiplicity is
not “1”, the multiplicity shall be specified explicitly. An initial value may be specified for attributes with a
number, string or enumeration type.

The type shall either be a predefined type (see E.2.1.1.5) or a class defined in the UML model.

Every UML attribute of an enumeration class shall have a name. The type information is left empty. No
multiplicity, ordering or initial value information shall be attached to the attribute.
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Every UML attribute of a code list class shall have a name. The type information is left empty. No multiplicity
or ordering information shall be attached to the attribute. An initial value may be specified to document a code
for the code list value. If it is omitted, the value (i.e. the attribute name) is used as the code.

The properties of a UML class are not ordered. To support the consistent ordering of the properties from the
UML model in the conversion to XML Schema, a tagged value “sequenceNumber” (value domain: integer)
shall be specified for every attribute. The value shall be unique for all attributes and association ends of a
class.

E.2.1.1.4 Associations and association ends

Every UML association shall be an association with exactly two association ends. Both associatipn ends shall
connect to a feature, object or data type and shall have no stereotype or the stereotypec<<gssociation>>
(othefwise the whole association will be ignored).
An agsociation shall not contain any properties.
The nules for association ends are:

— If an association end is navigable it shall be marked as such and shall have a rolename. Ap association
nd with no name shall be ignored, even if it marked as navigable~If a name is provided, |t shall be an
'INCName" as defined by W3C XML Namespaces:1999.

— The multiplicity shall be given explicitly.

— The aggregation kind shall be specified explicitly if it isqmot “none”.

— If the target class of an association end is a data.type, then the aggregation kind shall be “composition”.

Figure E.6 shows two example associations; one association is navigable in both directions and the other is
an aggregation which is navigable in one direction only.

<<FeatureType>>
<<FeatureType>> Building
Rarcel o
" % +hasBuilding + extent : GM_Surface
area : .rea 0.* + address : Address
+extent : GM_Surface + type : BuildingType

+owns | 0.*

+owner | 1.*

<<FeatureType>>
Person

+ firstName : CharacterString
+ lastName : CharacterString

Figure E.6 — Associations <informative>

The properties of a UML class are not ordered. To support the consistent ordering of the properties from the
UML model in the conversion to XML Schema, a tagged value “sequenceNumber” (value domain: integer)
shall be specified for every association end. The value shall be unique for all attributes and association ends
of a class.
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E.2.1.1.5 Predefined types

The predefined types from ISO/TS 19103 listed in E.2.4.4 are treated as “basic types” in the sense of
ISO 19118:2005, Annex A (i.e. a canonical XML Encoding is attached to them).

E.2.1.1.6 OCL constraints

All OCL constraints are ignored. The assessment of the validity of the instance model with respect to these
constraints is the task of the application processing the GML instances.

NOTE The Schematron language may be used to express OCL constraints as part of the XML Schema representing
the GML applipation schema.

E.2.1.1.7 Other information

All other infofmation in the UML Application Schema is not used in the encoding rules and is,ignored.

E.2.1.2 Character repertoire and languages

“UTF-8” or “UTF-16" shall be used as the character encoding of the XML Schema files (with the assogiated
character reertoire) in accordance with XML.

E.2.1.3 Exfhange metadata
Exchange metadata may be specified for every feature or feature colléction in a GML instance documgnt by
specifying ih the application schema property elements.-Whose content model is derived |from
"gml:AbstractMetadataPropertyType" as described in E.2.4.11 and E.2.4.13.

No specific schema for the exchange metadata is added to,the GML application schema.

E.2.1.4 Dataset and object identification
Unique ident|fiers in accordance with XML's ID mechanism are used to identify objects.

NOTE THe XML ID mechanism only requires that these identifiers are unique identifiers within the XML docurmjent in
which they appear.

E.2.1.5 Update mechanism

No explicit pdate mechanism is defined for the features defined in the GML application schemal It is
assumed thaft other mechanisms are used to update a data store.

NOTE An example is the “Transaction” operation of the OpenGIS® Web Feature Service Implemerjtation
Specification.

E.2.2 Input data structure

See 1ISO 19118:2005, A.3, for a description of the input data structure.

E.2.3 Output data structure

This encoding rule is based on the XML Recommendation 1.0 and the XML Linking Language (XLink) Version
1.0. The schema for the output data structure that governs the structure of the exchange format shall be a (set
of) valid XML Schema(s) in accordance with XML Schema 1.0 and the Rules for Application Schemas (see
Clause 21).

The XML Schema conversion rules are defined in the following Subclause.
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E.2.4 Conversion rules

E.2.4.1 General concepts

The schema conversion rules define how XML Schema documents (XSDs) shall be derived from an
application schema expressed in UML in accordance with ISO 19109. A number of general rules are defined
in E.2.4 to describe the mapping from a UML model that follows the guidelines described in E.2.1.

NOTE In this annex the namespace "xsd:" is used to refer to the namespace of XML Schema, which is
"http://www.w3.0rg/2001/XMLSchema". The namespace “gml:” refers to the namespace of GML, which is
“http://www.opengis.net/gml/3.2”.

The llules are based on the GML model and syntax as described in Clauses 7 to 21 (especially|Clauses 7, 9
and 21) and also on the encoding rules of ISO 19118:2005, Annex A.

The $chema encoding rules are based on the general idea that the class definitions»in‘the UML application
schema are mapped to type and element declarations in XML Schema, so thatthe objects in|the instance
modgl can be mapped to corresponding element structures in the XML document:

Tablg E.1 gives an overview.

Table E.1 — Schema encoding ovérview

Table: UML -> GML application schéma overview

UML application schema GML application schema
Package One XML Schema document per package (default mapping)
<<Application Schema>> XML Schema document

Global element,.whose content model is a globally scoped XML Schgma

<<DgtaType>> complexType(property type

<<Enumeration>> Restrictionof xsd:string with enumeration values

Union of an enumeration and a pattern (default mapping, an alternatiye mapping is

<<CqdeList>> a reference to a dictionary)

C€hoice group whose members are GML objects or features, or objec
corresponding to DataTypes

2]

<<Union>>

Global element, whose content model is a globally scoped XML Schgma type

<<FgatureType>> derived by direct/indirect extension of gml:AbstractFeatureType, property type

Global element, whose content model is a globally scoped XML Schgma type

No sfereotype or <<Type>> derived by direct/indirect extension of gml:AbstractGMLType, property type

Opergations Not encoded

Attridute local xsd:element, the type is either a property type (if the type is a cgmplex type)
or a simple type.

Association role tocatxsdetement;, thetypeisatways a property type {omty mamedard navigable
roles)

General OCL constraints Not encoded

NOTE <<FeatureType>> is a new stereotype which does not appear in ISO/TS 19103 or ISO 19109, and is used to
indicate that the type is a realization of GF_FeatureType and a specialization from AbstractFeature.

The multiplicity of attributes and association roles is mapped to “minOccurs” and “maxOccurs” attributes in
<xsd:element> declarations. The detailed mapping rules are described below.

For different UML model elements, different tagged values are used to control the mapping from UML to XML
Schema. The following Table E.2 provides a list of these tagged values.
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