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i. Preface

This OpenGIS® Recommendation Paper specifies basic XML encoding of data defining
coordinate reference systems and coordinate operations. This encoding is expected to be
adapted and used by multiple OGC Implementation Specifications, by the separate
specification of Application Schemas. This document is a Recommendation Paper
because the specified encoding is more general than an OpenGIS Implementation
Specification and more specific than the OpenGIS Abstract Specification.

NOTE 1  This document does not specify all the things needed to ensure interoperability between
different implementations of software using these CRS Schemas. Some of the additional things that should
be specified to ensure interoperability are listed in Clause iv: Future work. These things may be specified in
a separate OGC specification, or perhaps added in a revised version of this document. The CRS WG
intends to do this work as soon as practical. A draft of such a document in posted as OGC pending
document 03-056.

This Recommendation Paper replaces OpenGIS Recommendation Paper 01-014r5, titled
"Recommended Definition Data for Coordinate Reference Systems and Coordinate
Transformations". The key changes in this revised Recommendation Paper are:

a) Use XML schemas to specify the XML encoding, instead of using XML DTDs.

b) Derive the recommended XML schemas by encoding the UML model in OGC
Abstract Specification Topic 2 "Spatial referencing by coordinates".

c) Derive the XML schemas by adapting the XML encoding rules described in
Subclause A.5 of the N1316 draft of ISO 19118 "Geographic information -
Encoding".

NOTE 2 ISO 19118 is supplemented by XML Schema documents posted on David Skogan’s web page
on ISO 19118 encoding: http://www.ifi.uio.no/~davids/encoding.

d) Build upon central parts of the GML 3.0 XML schemas, using some GML 3.0
schema documents and most GML 3 encoding patterns.

NOTE 3  Many of the GML 3 schema patterns are described in Subclauses 6.3, 7.1, 7.2, 8.1 through 8.3,
and 8.6 of the GML 3.00 Implementation Specification.

Many key contents of this document are also provided in the attached set of files, in the
file 03-01019a.zip. These files include the six XML Schema documents (.xsd files)
specifying the recommended XML encoding of coordinate reference system (CRS) and
coordinate operation definition data. These six files are named referenceSystems.xsd,
coordinateReferenceSystems.xsd, datums.xsd, coordinateSystems.xsd,
coordinateOperations.xsd, and dataQuality.xsd. The attached files also include:

a) Current versions of the nine XML Schema documents from GML 3.0 that are used by
these CRS schemas, and are needed to validate these CRS Schemas.

b) The example XML documents and corresponding XML Schema for Annex D
"Standard contents of code lists".

© OGC 2003 — All rights reserved Vv
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c) The example XML documents for Annex E "XML document examples".

d) The example Application Schemas and XML documents for Annex F "Example
application schemas".

This version of this document is the accepted new version of the previously accepted
OGC Recommendation Paper 03-019r7.

ii. Contributors

The persons who contributed to this document included:

Name:
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Email:

Name:
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Email:

Name:

Address:
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Email:

vi

Arliss Whiteside

BAE SYSTEMS Mission Solutions
10920 Technology Place
San Diego, CA 92127-1874

858-592-1608
Arliss. Whiteside(@baesystems.com

Dave Case

MITRE Corporation
[to be supplied]

703-883-6417

dwc@mitre.org

John Bobbitt

Petrotechnical Open Software Corporation
10777 Westheimer, Suite 275
Houston, TX 77042

713-267-5174
bobbitt@posc.org
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Name: Milan Trninic

Address: Galdos Systems, Inc.
200 — 1155 W Pender Street
Vancouver, B.C
Canada V6E2-P4

Phone: 604-484-2764

Email: mtrninic@galdosinc.com

iili.  Changes to the OpenGISEI Abstract Specification

The OpenGIS Abstract Specification Topic 2 "Spatial Referencing by Coordinates"
should be changed to use the revised UML model proposed in OGC 03-009r7.

iv.  Future work
Improvements of this document are needed to:

a) Modify XML schemas to reflect any further changes in UML model (see further work
clause in document 03-009r7)

b) Specify how to reference items in the EPSG and other well-known data bases of
CRS-related definition data (tentatively using URNs)

c) Specify standard XML encodings of some well-known operation methods, coordinate
operations, CRSs, units, etc., and specify how to reference these standard XML
documents (perhaps using URLS)

d) Specify how to reference items in customized repositories or catalogs of CRS
definition data (perhaps used by specific OGC Implementation Specifications)

NOTE The last three items listed above are clearly needed to support interoperability, see Note 1 in
Clause i..

v. Background

The Coordinate Reference Systems (CRS) Working Group (formerly the Coordinate
Transformation Working Group) has been developing XML Schemas specifying XML
encoding of Coordinate Reference System (CRS) and Coordinate Transformation (CT)
definition data. Those schemas were previously being developed largely without directly
using any UML model, and largely by converting to XML Schemas the XML DTD
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specified in OGC Recommendation Paper 01-014r5: Recommended Definition Data for
Coordinate Reference Systems and Coordinate Transformations.

The N1316 draft of ISO 19118 requires XML encoding of geospatial data to be
developed by converting a UML model of the data to be encoded into the corresponding
XML schemas. This conversion must be done in a largely mechanical fashion, using a set
of UML to XML Schema conversion rules. Subclause A.5 of the N1316 specifies a draft
set of UML to XML schema conversion rules, but explicitly allows variations of those
rules to be used, if those variations are documented.

Some prospective users of OGC-specified XML encoding strongly desire that all such
XML encoding specifications be compliant with ISO 19118. The XML schemas
previously being developed by the CRS WG were not compliant with ISO 19118,
partially because they did not convert a UML model to XML schemas. In particular, that
draft encoding did not directly convert the UML model developed for Topic 2 of the
OGC Abstract Specification.

The previously approved OGC Recommendation Paper improves the relevant XML work
done earlier by the Open GIS Consortium (OGC). The OpenGIS-accepted CT
Implementation Specification already specifies a XML DTD for CRSs and CTs. The
now-superseded GML 1 Recommendation Paper included an informative annex that
specified a XML DTD for CRSs, including some CTs. These two XML DTDs are
significantly different, and both appear to be incomplete.

viil © OGC 2003 — All rights reserved
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Foreword

This OpenGIS® Recommendation Paper replaces previous Recommendation Paper
numbered 03-010r7 and titled "Recommended XML encoding of coordinate reference
system definitions".

This document is heavily based on OpenGIS® Abstract Specification Topic 2: Spatial
Referencing by Coordinates, which is partially based on ISO 19111. This document uses
XML Schemas as specified by the W3C. This document is also partially based on ISO
19118, and on version 3.00 of the Geography Markup Language (GML) Implementation
Specification.

This document contains nine annexes. Annexes A and C are normative, and all the others
are informative.

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

© OGC 2003 — All rights reserved X
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Introduction

This document specifies a standard XML encoding for data defining Coordinate
Reference Systems (CRSs) and coordinate operations, specified using XML Schemas.
This CRS and coordinate operation definition data will often be transferred between
client and server software that implements various standardised interfaces and data
formats. This specified general definition data encoding is intended for use in multiple
OGC Implementation Specifications. That is, each of these specifications is expected to
use a subset and/or superset of this standard definition data, by specifying and using
Application Schemas that build on these XML Schemas.

The position or location of a point can be described using coordinates. Such coordinates
are unambiguous only when the coordinate reference system on which those coordinates
are based is fully defined. Each position is described by a set of coordinates based on a
specified coordinate reference system. Coordinates are often used in datasets in which all
coordinates belong to the same coordinate reference system. This paper specifies XML
encoding of data defining coordinate reference systems for point coordinates.

The same point position will usually have different coordinates in different coordinate
reference systems. There are a large number of different coordinate reference systems in
current use. Coordinates from different datasets will thus often have different coordinate
reference systems. In order to use together positions from different coordinate reference
systems, known point coordinates often must be transformed into the corresponding
coordinates in a different coordinate reference system. This paper specifies XML
encoding of data defining such coordinate transformations

X © OGC 2003 — All rights reserved
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Recommended XML encoding of coordinate reference system
definitions

1 Scope

This OpenGIS® standard specifies standard XML encodings of definition data for
Coordinate Reference Systems (CRSs) and coordinate operations, specified using XML
Schemas. This encoding is intended for use when transferring such definition data
between client and server software that uses OpenGIS standard interfaces, as specified in
other documents. The expected uses of this definition data transfer include those
described in Annex B (informative).

Definition data encoding is specified herein for multiple types of CRSs, including:

a) Geocentric coordinate reference systems

b) Geographic coordinate reference systems

c) Projected coordinate reference systems

d) Engineering coordinate reference systems

e) Vertical coordinate reference systems

f) Temporal coordinate reference systems

g) Image coordinate reference systems

h) Derived coordinate reference systems

1) Compound coordinate reference systems, combining two or more other coordinate

reference systems

Definition data encoding is also specified herein for multiple types of coordinate
operations, including:

a) Parameterized coordinate transformations and conversions

b) Concatenated coordinate transformations, combining two or more coordinate
transformations

c) Pass-through coordinate transformations, using another coordinate transformation
The current scope of this encoding does not include:

a) Vertical coordinate reference systems with time units

b) Specific well-known coordinate conversions and transformations

© OGC 2002 — All rights reserved 1
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This OpenGIS standard specifies standard XML encoding of CRS and coordinate
operation definition data applicable to multiple separate OpenGIS interface
Implementation Specifications. Each such Implementation Specification should specify
one or more subsets and/or supersets of the definition data specified herein, each to be
used for one or more purposes. That is, for each type of XML document used, the
Implementation Specification should specify one or more Application Schemas that are
similar to the Application Schemas required to use GML.

Those OpenGIS standard interfaces are implemented by service software that performs
functions for separate client software. Those Implementation Specifications, or profiles of
those Implementation Specifications, can use any Distributed Computing Platform
(DCP). CRS and/or coordinate operation definition data will often be transferred encoded
in XML documents. However, other encodings can be used, such as Well Known Text
(WKT).

2 Conformance

Conformance with this specification shall be checked using all the relevant tests specified
in Annex A (normative). The framework, concepts, and methodology for testing, and the
criteria to be achieved to claim conformance, are specified in ISO 19105: Geographic
information — Conformance and Testing.

3 Normative references

The following normative documents contain provisions which, through reference in this
text, constitute provisions of this specification. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties
to agreements based on this specification are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies.

European Petroleum Survey Group: EPSG Geodesy Parameters V 6.3, available through
EPSG: http://www.epsg.org/

ISO 8601, Data elements and interchange formats - Information interchange
Representation of dates and times

ISO 19105, Geographic information — Conformance and testing
ISO 19109, Geographic Information — Rules for Application Schemas
ISO 19115, Geographic information — Metadata

OGC 03-073r1, The OpenGIS Abstract Specification, Topic 2: Spatial referencing by
coordinates

2 © OGC 2003 — All rights reserved
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OGC 02-023r4, OpenGIS Geography Markup Language (GML) Implementation
Specification, version 3.00

OGC 03-009r7, Revised UML model for Abstract Specification Topic 2: Spatial
referencing by coordinates

W3C Recommendation 6 October 2000, Extensible Markup Language (XML) 1.0
(Second Edition), http://www.w3.org/TR/REC-xml

W3C Recommendation 2 May 2001: XML Schema Part 0: Primer,
http://www.w3.org/TR/2001/REC-xmlschema-0-20010502/

W3C Recommendation 2 May 2001: XML Schema Part 1: Structures,
http://www.w3.0org/TR/2001/REC-xmlschema-1-20010502/

W3C Recommendation 2 May 2001: XML Schema Part 2: Datatypes,
http://www.w3.0org/TR/2001/REC-xmlschema-2-20010502/

4 Terms and definitions

For the purposes of this specification, the definitions given in Abstract Specification
Topic 2 apply. In addition, the following terms and definitions apply.

4.1
Application Schema
conceptual schema for data required by one or more applications [ISO 19101]

4.2

GML Application Schema

an XML Schema written according to the GML 3 rules for Application Schemas, which
defines a vocabulary of geographic objects for a particular domain of discourse [GML
3.0]

4.3
object
an XML document element of a type derived from AbstractGMLType [GML 3.0]

4.4

profile

specified logical subset of XML Schema specified elements and types, defined to
enhance interoperability and to curtail ambiguity [adapted from GML 3.0]

4.5
sequence

finite, ordered collection of related items (objects or values) that may be repeated [ISO
19107]
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4.6
set

unordered collection of related items (objects or values) with no repetition [ISO 19107]

4.7

Uniform Resource Identifier (URI)
simple and extensible means for identifying a resource; a short string or address;
classified as a name, a locator, or both [RFC 2396]

5 Conventions

5.1 Symbols (and abbreviated terms)

API

CRS

CT

DCP

DTD
EPSG

GIS

GML

IETF

ISO

0GC

UML

WKT

XML

1D

2D

3D

Application Program Interface
Coordinate Reference System
Coordinate Transformation
Distributed Computing Platform

Document Type Definition

European Petroleum Survey Group
Geographic Information System
Geography Markup Language
Internet Engineering Task Force
International Organization for Standardization
Open GIS Consortium

Unified Modeling Language

Well Known Text

eXtensible Markup Language

One Dimensional

Two Dimensional

Three Dimensional
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The diagrams that appear in this standard are presented using the Unified Modeling
Language (UML) static structure diagram. The UML notations used in this standard are

described in the diagram below.

Association Name

Association between classes

role-1

Association Cardinality

Only one

Zero or more

Class #1
—— Class
0.* Class
0.1 Class

Aggregation between classes

Class #2

role-2

1“*

Class

Class

Optional (zero or one )

One or more

Specific number

Class Inheritance (subtyping of classes)

Superclass

le

Aggregate
gglags
[ [ [
Component Component Component
Class #1 Class #2 Class #n

|__Subclass #1] |

Subclass #2_|

Subclass #n

Figure 1 — UML notation

In these UML class diagrams, the class boxes with three compartments and a light
background are the primary classes being shown in this diagram, often the classes from
one UML package. The class boxes without compartments and with a gray background
are other classes used by these primary classes, usually classes from other packages.

In this specification, the following four stereotypes of UML classes are used:

a) <<Abstract>> A polymorphic object class that cannot be instantiated.

b) <<DataType>> A descriptor of a set of values that lack identity (independent
existence and the possibility of side effects). A DataType is a class with no operations
whose primary purpose is to hold the information.

c) <<CodeList>> A flexible enumeration that uses string values for expressing a list of
potential values.

d) <<Union>> Contains a list of attributes where only one of those attributes can be
present at any time.

In this specification, the following standard data types are used:
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a) String — A sequence of characters

b) Integer — An integer number

c) Double — A double precision floating point number
d) Boolean — A value specifying TRUE or FALSE

5.3 Document terms and definitions
The following specification terms and definitions are used in this document:
a) shall — verb form used to indicate a requirement to be strictly followed to conform to

this specification, from which no deviation is permitted

b) should — verb form used to indicate desirable ability or use, without mentioning or
excluding other possibilities

c) may — verb form used to indicate an action permissible within the limits of this
specification

d) can — verb form used for statements of possibility
e) informative — a part of a document that is provided for explanation, but is not required
f) normative — a part of a standards document that is required

g) annex — an auxiliary part of a document, called an “appendix” in United States
English

h) clause —a major part of a document, called a “section” or “paragraph” in United
States English

1) subclause — a secondary part of a clause or annex, called a “subsection” in United
States English

6 XML encoding overview

6.1 Introduction

The specified XML Schemas encode definition data for both Coordinate Reference
Systems (CRSs) and Coordinate Operations (including coordinate Transformations and
Conversions). This definition data includes identification and specification data, both
included as needed. The definition data for a CRS includes or references definition data
for a Coordinate System and a Datum, as appropriate. When applicable, definition data
for a CRS includes or references definition data for a Coordinate Operation, and vice-
versa.

The specified XML Schemas were prepared by converting the (revised) UML model for
OGC Abstract Specification Topic 2: Spatial Referencing by Coordinates. Although most
of the relevant information in that document was copied into these Schemas or into this
document, Clauses 6 and 7 of Topic 2 contain some additional information applicable to
these Schemas and their use.
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NOTE The structure of the specified XML encoding closely follows the structure of the UML model,
from which this XML encoding was converted.

6.2 Encoding structure

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

NOTE 1 A XML element that includes identification information is termed a “GML object” in GML 3.
In some circles, an XML element with identity is termed a “module”. Each valid XML document must
include a single top level XML element, often but not necessarily an element with identity. That single top
level XML element need not be defined in this specification.

a) All concrete XML elements in the substitution group headed by the abstract
CoordinateReferenceSystem element. These elements can each be used to transfer the
definition of one coordinate reference system of that type. These nine concrete XML
elements are named:

1) CompoundCRS
2) GeocentricCRS
3) GeographicCRS
4) ProjectedCRS

5) EngineeringCRS
6) ImageCRS

7) Vertical CRS

8) TemporalCRS
9) DerivedCRS

b) All concrete XML elements that are substitutable for the abstract
CoordinateOperation element, namely:

1) ConcatenatedOperation. This element should be used to encode the definition of
a concatenated coordinate conversion, which combines a specified sequence of
Transformations and/or Conversions.

2) PassThroughOperation. This element should be used to encode the definition of
a pass through coordinate conversion, which uses a specified Conversion or
Transformation to convert a subset of the coordinates of a CompoundCRS.

3) Transformation. This element may be used to encode the definition of an
approximate coordinate transformation, from one specified source coordinate
reference system to another specified target coordinate reference system.

4) Conversion. This element may be used to encode the definition of an exact
coordinate conversion, from one coordinate reference system to another
coordinate reference system.
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NOTE 2 The Conversion and Transformation elements should not be used for well-known coordinate
operation methods with many instances, see Subclause 6.3.

The concrete XML elements that are substitutable for CoordinateReferenceSystem 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:

a) GeodeticDatum

b) VerticalDatum

c) TemporalDatum

d) EngineeringDatum

e) ImageDatum

These lower level XML elements also include all ten concrete elements that are
substitutable for the abstract CoordinateSystem XML element, named:

a) EllipsoidalCS

b) VerticalCS

c) CartesianCS

d) ObliqueCartesianCS

e) LinearCS

f) PolarCS

g) SphericalCS

h) CylindricalCS

i) TemporalCS

J) UserDefinedCS

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

a) CovarianceMatrix

b) CovarianceElement

c) OperationMethod

d) OperationParameter

e) OperationParameterGroup

f) ParameterValue

g) ParameterValueGroup
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NOTE 3  The ParameterValue and ParameterValueGroup elements should not be used for well-known
coordinate operation methods with many instances, see Subclause 6.3.

In addition to the concrete XML elements listed above, the Dictionary element in GML 3
is another alternative top level XML element. That Dictionary element can contain any
combination of the concrete XML elements listed above, since all are substitutable for a
Definition element in a Dictionary. A Dictionary element can also contain one or more
UnitDefinition elements, as defined in units.xsd of GML 3. Also, any of these concrete
elements or a Dictionary can be included inside a GenericMetaData element inside a
metaDataProperty element, which can be included inside of many other XML elements.

6.3 Application schemas

As stated above, many of the concrete XML elements defined in these CRS Schemas can
be used without Application Schemas, whenever no content extensions or restrictions are
needed. An Application Schema shall be used whenever element contents extension is
required, and should be used in most other cases to specify needed restrictions. That is, an
Application Schema should be defined to extend and/or restrict elements as needed for a
specific application, or a set of applications, to:

a) Add elements to contents of existing elements, for recording additional data about
that item needed for that application.

b) Restrict the multiplicity of current contents elements, to eliminate flexibility not
needed and perhaps confusing for that application.

c) Use a different element name, to be more easily understood in that specific
application, primarily for elements that will be instantiated many times.

d) Specify standard contents and contents patterns for selected elements and attributes,
as needed to improve interoperability.

e) Specify standard XML and other documents to be referenced or otherwise used, as
needed to improve interoperability.

Application Schemas can 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 can be
defined by extending that concrete element. In many cases, restrictions of existing
concrete elements can be done by extending the abstract element from which that
concrete element is derived, by adding somewhat different but corresponding extensions.

An Application Schema can specify a single top level element for use in an XML
document, with the XML elements and types that it uses. That single top level XML
element can be an object with identity, but this is not required. Such an Application
Schema will import and build upon one or more of the six XML Schemas specified in
this document.
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Application Schemas could define additional concrete elements using or extending other
abstract elements, if needed. However, an additional concrete element using or extending
an abstract element should not be defined if that concrete element is largely similar to an
existing element, and thus probably should extend or use an existing concrete element. In
many cases, the existing concrete elements that use an abstract element are believed to be
largely exhaustive. This is particularly true when the existing concrete elements include
one element that is quite general, such as the elements EngineeringCRS, DerivedCRS,
EngineeringDatum, UserDefinedCS, OperationParameter, and
OperationParameterGroup.

The Conversion, Transformation, ParameterValue, and ParameterValueGroup elements
can be used for well-known coordinate operation methods, especially when only one
instance of that element is needed for that operation method. However, these elements
should not be used for well-known coordinate operation methods when many instances of
that element are needed for one operation method. Instead, an Application Schema that
defines operation-method-specialized element names and contents should be prepared for
each such operation method. Subclauses F.3 and F.4 provide examples of such
Application Schemas. For interoperability, a suitable geospatial information community
should standardize each such Application Schema.

NOTE This use of Application Schemas follows the GML 3 patterns. This GML pattern is to generally
use Application Schemas, especially when use of Application Schemas allows definition of XML Schema
having: 1) complexTypes with more specific restrictions on the contents of elements, sometime in ways
that allow XML parsers to more completely check for correct contents of XML documents, and 2) elements
with more specific and understandable names, to make XML documents easier to understand by humans.

6.4 Profiles

Most Application Schemas and other uses of these CRS Schemas will use only a subset
of the XML elements, types, and other capabilities defined in these CRS Schemas. Such a
subset is termed a Profile, as specified in Subclause 7.16 of the GML 3 Implementation
Specification. Briefly, a profile is a specified logical subset of the CRS Schemas plus the
GML 3 schemas used with these CRS Schemas, selected to improve interoperability and
reduce ambiguity. Such a profile should be specified by an Application Schema.

6.5 Namespace and version

All these XML Schema documents describe components in the
http://www.opengis.net/gml namespace, for which the prefix "gml" is normally used.

Each XML Schema document carries 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, while y and z denote a minor version numbers for that document.
The current version is 3.1.0.

These XML Schemas use most of the GML 3 model and syntax specified in Subclause
7.2.1 of the GML 3.00 specification.
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7 XML encoding

The standard XML encoding of CRS and coordinate operation definition data is specified
in six XML Schema documents (using the file extension .xsd). These six XML schema
files are named:

a) referenceSystems.xsd

b) coordinateReferenceSystems.xsd

c) datums.xsd

d) coordinateSystems.xsd

e) coordinateOperations.xsd

f) dataQuality.xsd

These XML schema files are listed in Annex C, and copies of these files are also attached
to this document. These six XML schemas correspond to the six packages in the UML

model that was converted. Each XML schema includes <documentation> elements that
define the XML elements and attributes, largely copied from the UML model.

These XML Schemas encoding CRS and coordinate operation definition data use nine
XML schemas that are specified by GML 3. These XML schemas also include
<documentation> elements that define the XML elements and attributes. Of course, these
CRS Schemas use only some of the elements and types defined in these GML 3 schemas.
These nine GML 3 schema documents are named:

a) measures.xsd

b) units.xsd

c) geometryBasic2d.xsd

d) geometryBasicOd1d.xsd

e) temporal.xsd

f) dictionary.xsd

g) gmlBase.xsd

h) basicTypes.xsd

1) xlink.xsd
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8

Supporting information

This clause introduces information provided in the annexes supporting the encoding
described in Clauses 6 and 7:

12

Annex A (normative) specifies the requirements for OpenGIS Implementation Specification
conformance to this specification, and an abstract test suite for checking such conformance.
Requirements are also specified for compliance of Application Schemas.

Annex B (informative) describes the expected OpenGIS uses (or use cases) for transferring
CRS and coordinate operation definition data.

Annex C (normative) lists the six specified XML Schemas.

Annex D (informative) specifies the standard contents of the three code lists used by these
XML Schemas.

Annex E (informative) provides example XML documents using the XML Schemas specified
in this document.

Annex F (informative) provides example application schemas based on these XML Schemas,
with corresponding example XML documents and UML models.

Annex G (informative) summarizes the process and rules used to convert the included UML
model into the included XML Schemas.

Annex H (informative) describes some example operation methods.
Annex I (informative) summarizes the flexibility supported by the specified XML Schemas.
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Annex A
(normative)

Conformance

A.1 Conformance requirements

Each OGC Implementation Specification that uses XML encoding to transfer data
defining coordinate reference systems and/or coordinate operations shall transfer
definition data that conforms to this Recommendation Paper. Each relevant data transfer
situation specified by such a specification shall transfer data that contains the entire
applicable subset of the definition data specified in this Paper. Each such data transfer
should include any additional data needed. Each relevant OGC Implementation
Specification shall clearly specify the contents, structure, and format of the XML
encoded data transferred in each specified data transfer situation, usually partially
specified as an Application Schema based on these CRS schemas.

NOTE 1 In many cases, an Implementation Specification will specify the Application Programming
Interface (API) to service software. In those cases, each specified data transfer situation is each input and
output argument of each operation in a UML model of the service interface. Of course, multiple operation
arguments will often transfer the same possible data, and thus use the same subset of the definition data
specified here. Also, multiple arguments may use the same subset of the definition data specified here,
although different arguments use different subsets of that data.

NOTE 2  Many of the concrete XML elements defined in these CRS Schemas can be used without
Application Schemas, if no contents extensions or restrictions are needed. However, the Conversion,
Transformation, ParameterValue, and ParameterValueGroup elements should not be used for well-known
coordinate operation methods having many element instances. Instead, an Application Schema that defines
operation-method-specialized element names and contents should be prepared and standardized, see
Subclause 6.3.

Whenever coordinate reference system and/or coordinate operation definition data is
transferred using XML encoding, the data contents and structure specified herein shall be
used wherever applicable. The data contents and structure aspects specified herein that
shall be used include:

a) Name of each specified XML element and attribute

NOTE 3  When an Application Schema is used, the same name can be used in different namespaces.
b) Meaning of each specified name

c) Contents of each specified complexType

d) Sequence of elements included within each specified complexType

e) Multiplicity and optionality of each element and attribute in each specified
complexType

f) Data type of each specified individual data item
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When a data transfer situation requires a subset of the definition information specified
here, a suitable subset profile can be used. When a data transfer situation requires a
superset of the definition information specified here, a suitable Application Schema shall
be specified, and its' use shall be required. Each such Application Schema shall conform
to the Rules for Application Schemas specified in Subclause A.3. The changes permitted
in an Application Schema include:

a) Add additional elements to a specified complexType, containing additional
information

b) Omit a specified element, when not needed and that element is specified as being
optional (minOccurs="0")

c) Remove some of the set of alternative elements in a specified <choice> data structure
d) Make an optional element required (minOccurs not specified, default ="1")

e) Reduce specified maximum number-of-repetitions of an element

f) Change data type of an element to a more restrictive type

g) Restrict the meaning of a specified name, to match a restriction of an Implementation
Specification

h) Specify standard contents and contents patterns for selected elements and attributes,
for interoperability.

1) Specify standard XML and other documents to be referenced or otherwise used, for
interoperability.

Many possible changes to the definition data specified here are not allowed, such as:

a) Completely change the definition of a specified name

b) Expand the set of alternative contents in a specified <choice> data structure

c) Make optional an element or attribute required in a specified complexType

d) Increase maximum number-of-repetitions of an element

e) Change data type of a specified element to a less restrictive type

f) Change the required order of elements in a specified complexType

A.2 Abstract test suite

Conformance of each application of these CRS Schemas shall be tested by inspecting the
specification of each transferred XML encoded data structure and individual data item.
The tested specification of XML encoded data shall include all Application Schemas
used. This testing shall be done for each XML element and attribute that can be included
in each specified data transfer. For each such XML element and attribute, the following
questions shall be answered:

a) What is the (complete) meaning of this XML element or attribute?
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Is this meaning part of the definition of an XML element or attribute specified herein?
If not related, this data structure or item IS conformant.

Is this meaning similar to the meaning of any XML element or attribute specified
herein? If not similar, this data structure or item IS conformant.

Is this meaning the same as, or a restriction of, the most similar meaning specified
herein? If not the same or restricted, this data structure or item is NOT conformant.

Is the name of this XML element or attribute the same as the name of the
corresponding item specified herein? If not the same name, this data structure or item
is NOT conformant.

Is the type of this XML element or attribute the same as the type of the corresponding
item specified herein, a subtype of that type, or a type with all the relevant contents of
that type? If the type is not the same or equivalent, this item is NOT conformant.

If an individual XML element or attribute with a simpleType is being inspected, the
questions continue:

)

h)

Is the data type of this item the same as, or a subset of, the data type of the
corresponding item specified here? If not the same or a subset, this data item is NOT
conformant.

Does this element have a specified multiplicity range that extends outside the allowed
multiplicity of the corresponding element specified here? If a larger multiplicity range
is allowed, this element is NOT conformant.

If a XML element with a complexType is being inspected, the questions continue:

2

h)

)

Do the contents of this complexType include all or a subset of the XML elements and
attributes included in the corresponding complexType specified here? If doesn’t
include all or a subset, this complexType is NOT conformant.

Do the contents of this complexType include the corresponding XML elements in the
same required order? If not the same order, this complexType is NOT conformant.

If this complexType extends a complexType specified here, and the <documentation>
element in that complexType specified here states constraints on inclusion of
additional elements, and those constraints are not all satisfied, this complexType is
NOT conformant.

For each XML element or attribute included in this complexType that has a
corresponding item in the complexType specified here, is the element or attribute
multiplicity (including optionality) compatible?

1) If the multiplicity and optionality are the same, this item IS conformant.

2) Ifan element or attribute is now omitted instead of optional, this item IS
conformant.

3) Ifan element or attribute is now required instead of optional, this item IS
conformant.
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4) If an element or attribute is now optional instead of required, this item is NOT
conformant.

5) Ifan element is now not repeated instead of being repeated one or more times,
this item IS conformant.

6) If an element can now be repeated instead of not being repeated, this item is
NOT conformant.

7) If the <documentation> element in the complexType specified here states a
constraint on the multiplicity of this item and this constraint is not satisfied, this
item is NOT conformant.

A.3 Rules for application schemas

A.3.1 Introduction

An Application Schema is an XML Schema that imports and builds upon one or more of
the CRS set of six XML Schemas specified in Annex C. Such a Schema defines one or
more XML elements useful for transfer of encoded geospatial data. An Application
Schema can specify a single top level element for use by an XML document, with the
XML elements and types that it uses. That single top level XML element can be an object
with identity, but this is not required. Such a Schema with its' imported Schemas defines
a vocabulary for a particular domain of discourse by defining and describing the terms of
that vocabulary (see ISO TC/211 19109).

Conformance of an application of these CRS Schemas shall be tested by inspecting each
Application Schema used, if any. Notice that the CRS set of XML Schemas specified in
Annex C can be used without an Application Schema, and such use is allowed but
discouraged. To use those XML Schemas without an Application Schema, any defined
XML concrete element can be used as the basis for an XML document. There are about
30 such concrete elements defined that may be directly useful, and are listed in Subclause
6.2. In addition, all of those concrete elements can be used inside a GML 3 Dictionary
element. Furthermore, all of those concrete elements or a Dictionary can be used inside a
GenericMetaData element inside a metaDataProperty element, which can be included in
many other elements.

The remainder of this subclause specifies the requirements (or rules) for an Application
Schema to be considered conformant with this Recommendation Paper. Notice that it is
clearly possible to develop Application Schemas that use the CRS Schemas specified
herein which are valid XML Schemas but do not follow all these rules, and are thus not
conformant with this Recommendation Paper.

A.3.2  General rules
All conformant Application Schemas shall be constructed by building upon one or more

of the CRS set of six XML Schemas specified in Annex C. Such a Schema shall be a
valid XML Schema, as specified in the XML Schema specification.
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Each application schema must declare a target namespace. This is the namespace in
which the XML elements or terms of the vocabulary “live”. This shall not be the GML
namespace (http://www.opengis.net/gml). It is conventional for the namespace identifier
to be a URL controlled by the application schema author’s organization. A target
namespace is declared in the application schema using the targetNamespace attribute of
the schema element from XML Schema.

A.3.4 Import needed schemas

An Application Schema must import the necessary XML Schemas specified in this
document and from GML 3, with the correct namespace assignment. For example, in
order to define coordinate reference systems, it is necessary to import
coordinateReferenceSystems.xsd, either directly or indirectly. Direct import is done by
including the declaration:

<xsd:inmport nanespace="http://ww. opengi s. net/gm"
schemaLocati on="../coordi nat eRef er enceSyst ens. xsd"/ >

Notice that the <import> element specifies that the components described in
coordinateReferenceSystems.xsd are in the GML namespace
http://www.opengis.net/gml. This namespace identifier must match the target namespace
specified in the schema being imported, to ensure XML Schema validity.

The schemalocation of the imported .xsd file can be a local reference or a URI reference
to the file. A URI reference can be to some remote repository, such as the repository
http://schemas.opengis.net/ on the OGC web site. The above example assumes that the
coordinateReferenceSystems.xsd file is stored locally at a location relative to this
Application Schemas .xsd file.

Alternately, necessary XML Schemas can be imported indirectly, by importing another
Application Schema that imports the needed Schemas.

In addition, the required import of a GML schema may be provided by the import of an
equivalent subset schema as described in Subclause 7.14 of the GML 3 Implementation
Specification, or by the import of an equivalent schema from a GML profile. These are
all equivalent schemas with respect to satisfying the schema import requirements.

The above example imports coordinateReferenceSystems.xsd, which (directly and
indirectly) includes the other five CRS Schemas plus nine other GML 3 Schemas. For
some Application Schemas, coordinateReferenceSystems.xsd may not be needed, but one
or more of the other CRS Schemas may be needed.

A.3.5 GML objects and properties

The content models of almost all (about 30) concrete elements listed in Subclause 6.2 are
derived from gml:DefinitionType, partially by restriction. These elements are ultimately
derived from the AbstractGMLType and are thus GML Objects. These elements shall thus
follow the GML class/property model, as specified in Subclause 7.2.2 of the GML 3
Implementation Specification. That is, the children of these elements must not be
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elements whose content models derive directly or indirectly from AbstractGMLType.
The children of these elements are properties that describe that component.

A.3.6 Global and local names

Note that elements included in complex types that are defined with local names in an
Application Schema will prevent derivation by restriction in another namespace, unless
the local names are dropped in the restriction. Such complex types are appropriate for
elements intended for use “as is” in their own namespace, and should be declared to be
final="restriction”. Elements included in complex types by reference to global elements
support derivation by restriction in another namespace, allowing restriction of cardinality,
and/or replacement by a member of a substitution group. Such complex types designed
for derivation by restriction are appropriate “library types” for elements in substitution
groups that cross namespaces.

A.4 UML models for application schemas

Each Application Schema can be produced by converting a UML model (or part of such a
model), as required to comply with ISO 19118. If such a UML model is encoded, the
XML encoding rules used should be similar to the encoding rules used for this document,
as described in Annex G.

To comply with this specification, each such UML model shall be based on the same
UML model as these CRS Schemas. For Application Schemas, subclasses can be defined
for most non-abstract classes in this UML model. A subclass can extend and/or restrict a
current concrete class to:

a) Add UML attributes and/or navigable associations, for recording additional data
about that class needed for that application.

b) Restrict the multiplicity of current attributes and/or navigable associations, to
eliminate flexibility not needed and perhaps confusing for that application.

c) Use a different class name, to be more easily understood in that specific application,
primarily for classes that will be instantiated many times.

d) Specify standard or default contents for selected UML attributes, for interoperability.

Application Schemas could define additional concrete subclasses of abstract classes in
this UML model, if needed. However, additional concrete subclasses should not be
defined that are largely similar to existing subclasses, and thus probably should be a
subclass of an existing concrete subclass. In most cases, the existing concrete subclasses
of an abstract class are believed to be largely exhaustive. This is particularly true when
the existing subclasses include one subclass that is quite general, such as the classes
SC_EngineeringCSR, SC DerivedCRS, CD_EngineeringDatum, CS_UserDefinedCS,
and CC_OperationParameter.
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Annex B
(informative)

Expected uses of CRS definition data

B.1 Introduction

The expected OpenGIS uses (or use cases) for transferring CRS and coordinate operation
definition data produce requirements to be satisfied by this XML encoding. Three broad
uses of such definition data transfer have been identified:

a) Use to transfer definition of a Coordinate Reference System (CRS), used by other
geospatial data

b) Use to transfer definition of a Coordinate Transformation (CT), that can be performed
by a coordinate transformation service

c) Use to transfer lineage or history of other geospatial data

Additional OGC uses of the proposed CRS and coordinate operation definition data
might be identified in the future. These expected OGC uses assume the OGC is
standardizing software-to-software interfaces (or Application Programming Interfaces,
APIs) and associated data transfer formats, but is not (currently) trying to standardize
human-computer interfaces.

Each OGC standard interface must allow both server and client software to be written
that implements that interface. Simplicity of the interfaces is highly desirable, to simplify
client software. Simplicity of server implementation software is somewhat important, but
not as important as interface simplicity.

The following subclauses first discuss the multiple uses of definition data, the alternate
ways in which definition data can be transferred, and then the three data transfer uses
listed above.

B.2 Multiple uses of definition data
CRS and CT definition data can be used in at least three broad overlapping ways, to:
a) Describe a specific CRS or CT to a human user. Note that different human users need

different degrees of definition detail.

b) Uniquely identify a specific CRS or CT to software. For a CRS, such identification
can be used by software to check if different geospatial datasets are recorded using
the same CRS, or to find additional data about a CRS that is stored elsewhere.

c) Provide data for performing coordinate transformations and conversions, useful to
transformation software. For a CT, such data might be used to perform that
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transformation. For a CRS, such data might be used in transforming point positions to
or from that CRS.

B.3 Alternative ways to transfer definition data
CRS and CT definition data can be transferred in three alternative ways:

a) Transfer only identifier and perhaps name, of each CRS or CT
b) Transfer complete specification, of each CRS or CT

c) Transfer partial specification with identifiers (and perhaps names) for remaining
parts, of each CRS or CT

Only an identifier needs to be transferred for a complete CRS or CT, or for any part
thereof, for any part that is well-known to the receiving software. Well-known usually
means that some recognized authority has produced and published a complete
specification of that part. Server software could have those well-known definitions coded
into the software. Alternately, server software could be coded to access those definitions
when needed from a separate service known to the server. Such a separate service may be
maintained by the authority or by a third party.

In general, there will be several CRS and CT specification authorities that one server or
client might use, separately and together. Of course, some software implementations may
use no such authority, or only one such authority. One widely-used, publicly-available
authority is the European Petroleum Survey Group (EPSG), and use of this authority is
currently specified in several OGC Implementation Specifications. However, other and
more private authorities exist and must be supported by some OGC standard interfaces,
including military affiliated authorities (e.g., DIGEST). Somewhat private authorities are
expected to be used for many engineering and image coordinate reference systems.

A complete CRS or CT specification must be transferred for a CRS or CT, or for any part
thereof, for any part that is not well-known to the receiving software. Some server or
client implementations could support no well-known CRS and/or CT definitions. More
likely, some applications are expected to use some non-well-known CRS or CT
definitions. For example, a grid coverage can use a CRS specific to that coverage. Also,
an image coordinate transformation is likely to be specific to one image, and may not be
supported by any authority that makes that CT well-known.

B.4 Use to transfer coordinate reference system definition

XML can be used to transfer the definition of a Coordinate Reference System (CRS) used
by other geospatial data, especially data encoded using XML. In most cases, one
geospatial dataset will use only one CRS. The definition of a CRS for a geospatial dataset
can be transferred (usually through an OGC interface) for several different purposes,
including:
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a) Coordinate Transformation (CT) interface. The current Coordinate Transformation
(CT) server interface allows use of XML to transfer definitions of CRSs. That is, a
client can send the definition of one CRS that the client is requesting access, to server
software. Similarly, the server software can send to a client the definition of one CRS
that the client currently has access to.

b) Geography Markup Language (GML). The encoding of features in XML, now
specified in the GML Implementation Specification, might use this CRS XML to
define the CRS of a feature collection or feature.

c) Web Map Server (WMYS) interface. A future version of the WMS interface might use
XML to define the CRS that the client is requesting “map” data in. (The WMS
interface does not currently use XML for this purpose.) In the current WMS interface,
only well-known CRSs are supported, so only the identifier of that well-known CRS
is transferred in a Get Map request.

d) Grid Coverage (GC) interface. A future version of the GC (access) interface might
use XML to define the CRS used by a coverage, when requested by a client. (The
current GC interface does not use XML for this purpose.) In the current draft GC
interface, the CRS can be defined for one specific grid coverage, requiring transfer of
a more complete specification of that CRS. That grid CRS is usually specified as a
custom affine coordinate conversion or transformation from another CRS.

B.4.1 Current CRS transfer by low-level CT interface

The current low-level Coordinate Transformation (CT) Implementation Specification
(OGC document 01-009) supports XML transfer of a CRS definition in one operation and
in one attribute.

The createFromXML operation of the CS CoordinateSystemFactory <<Interface>> class
creates a CS_CoordinateSystem object from a XML character string. One server will
implement one CS_CoordinateSystemFactory object. The signature of this UML
operation is:

createFronXM. (xml : CharacterString) : CS _Coordi nat eSystem

The “XML” read-only UML attribute of the CS_Info class allows a client to get an XML
character string representation of an object, which can be either a CS_CoordinateSystem
or a CS_Unit UML object. Objects of both the CS_CoordinateSystem and CS_Unit UML
classes can be instantiated by multiple other objects visible to one client. Note that a
CS_CoordinateSystem object can be created in several ways other than use of the
createFromXML operation. The signature of this UML attribute is:

XM. : CharacterString

In the createFromXML operation, and when the UML attribute is used to get XML for a
CS_CoordinateSystem object, the XML DTD for CS_CoordinateSystem provided in
Section 15.1.1 (pages 113 through 115) of 00-007r4 is used. Example XML using that
XML DTD is provided in Section 15.1.2 (pages 116 and 117) of 01-009. (Because that
XML DTD and example XML are each more than one page, they are not copied here.)
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NOTE A future version of the Coordinate Transformation (CT) Implementation Specification could
use XML in additional places, especially where use of WKT is now supported but use of XML is not now
supported.

B.4.2  Current CRS transfer by ICT and high-level CT interfaces

The current draft high-level Coordinate Transformation (CT) Implementation
Specification (OGC document 01-013r1) supports XML transfer of a CRS definition by
two operations. The same two operations are supported by the draft Image Coordinate
Transformation (ICT) interface (OGC document 00-045r1). These two operations are
provided to clients by the one Ground Coordinate Transformation Service <<Interface>>
object. The UML operation signatures of these two operations are:

addTransformati on (nmetadata : Transformati onMet adat a,
format : TextFormat) : TransfornmationlD

transformati onMet adata (transformation : Transformationl D,
format : TextFormat) : Transformati onMet adat a

XML is one possible format used by the Transformation Metadata <<DataType>> class
that is used by these two operations. The Transformation Metadata class contains three
UML attributes, with the signatures:

sourceCS : Coordi nateSystenDefinition
target CS : Coordi nateSystenDefinition
transformation [0..1]: Transformati onDefinition

The CoordinateReferenceSystem XML element, with all its contents, specified in this
document could to be used for each Coordinate System Definition instance in the
Transformation Metadata. (However, the Transformation XML element specified in this
document, with all their contents, alternately could be used for complete Transformation
Metadata, including both the source and target CoordinateReferenceSystems.)

B.5 Use to transfer coordinate transformation (CT) definition

XML can be used to transfer the definition of a Coordinate Transformation (CT) in the
interfaces to Coordinate Transformation (CT) services. These interfaces include the
accepted (low level) CT Implementation Specification, OGC document 01-009. These
interfaces also include a high-level CT interface now proposed in document 01-013, plus
draft Image Coordinate Transformation interfaces documented in 00-045r1. These CT
interfaces use XML to transfer CT definitions with and without associated source and
target CRSs.

B.5.1 Current CT transfer by low-level CT Interface
The current low-level Coordinate Transformation (CT) Implementation Specification

(OGC document 01-009) supports XML transfer of a CT definition in one operation and
one attribute.
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The createFromXML operation of the CT MathTransformFactory <<Interface>> class
creates a CT MathTransform object from a XML character string. One server will
implement one CT MathTransformFactory object. The UML signature of this operation
is:

createFromXM. (xm : CharacterString) : CT_Mat hTransform

The “XML” read-only UML attribute of the CT MathTransform class allows a client to
get an XML character string representation of this UML object. Objects of the

CT_ MathTransform class can be instantiated by multiple UML objects visible to one
client. Note that a CT MathTransform object can be created in several ways other than
use of the createFromXML operation. The signature of this UML attribute is:

XM. : CharacterString

For both of these XML uses, the XML DTD for CT MathTransform provided in Section
15.1.1 (page 113) of 01-009 is used. Example XML using that XML DTD is not provided
in 01-009. The XML DTD for CT_MathTransform now in Section 15.1.1 is:

<! DOCTYPE CT_Mat hTransform |

<! ELEMENT CT_Mat hTransform (
CT_Concat enat edTr ansf orm |
CT_InverseTransform |
CT_Paraneteri zedMat hTransform |
CT_PassThroughTransfornm >

<l ELEMENT CT_Par anet eri zedMat hTr ansf orm ( CT_Par anet er *) >
<I ATTLI ST CT_Par anet eri zedMat hTr ansf orm

G assNane CDATA #REQUI RED

>

<I ELEMENT CT_PassThr oughTransform ( CT_Mat hTr ansf ornj >
<I ATTLI ST CT_PassThr oughTransform

First AffectedOrdi nate CDATA #REQUI RED
>

<! ELEMENT CT_Concat enat edTr ansf orm ( CT_Mat hTr ansf or nt) >
<I ELEMENT CT_I nverseTransform (CT_Mat hTransf ornj >

<! ELEMENT CT_Par aneter EMPTY>
<I ATTLI ST CT_Par anet er

Name CDATA #REQUI RED
Val ue CDATA #REQUI RED
>
1>
NOTE This CT_MathTransform does not include any information on the source and target coordinate

systems. Also, a future version of the low-level Coordinate Transformation (CT) Implementation
Specification could use XML in additional places, especially where use of WKT is now supported but use
of XML is not now supported.)
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B.5.2  Current CT transfer by ICT and high-level CT interfaces

The current draft high-level Coordinate Transformation (CT) interface specification
(OGC document 01-013) supports XML transfer of a CT definition by two operations.
The same two operations are supported by the draft Image Coordinate Transformation
(ICT) interface (OGC document 00-045r1). These two operations are provided to clients
by the one Ground Coordinate Transformation Service <<Interface>> object. The
signatures of these two UML operations are:

addTransformati on (nmetadata : Transformati onMet adat a,
format : TextFormat) : TransformationlD

transformati onMet adata (transformation : Transformationl D,
format : TextFormat) : Transformati onMet adat a

XML is one possible format used by the Transformation Metadata <<DataType>> class
that is used by these two operations. The Transformation Metadata class contains three
UML attributes, with the signatures:

sourceCS : Coordi nateSystenDefinition
target CS : Coordi nat eSystenDefinition
transformation [0..1]: Transformati onDefinition

The Transformation XML element specified in this document, with all their contents,
could be used for a complete Transformation Metadata instance, including both the
source and target CoordinateReferenceSystems. The Conversion XML element, with all
its' contents probably can also be used for each Transformation Metadata instance.

B.6 Use to transfer dataset lineage or history

XML can be used to transfer the lineage or history of geospatial data, especially data encoded
using XML. Such lineage information is specified by ISO 19115: Geographic
information — Metadata to be part of the useful metadata about a dataset, and that
metadata could be recorded in XML. (The OGC encourages use of ISO 19115 Metadata,
but there are no uses of XML to transfer dataset lineage or history in current draft or
accepted OGC Implementation Specifications.)

The lineage of a dataset, or of a part of a larger dataset, is likely to include the original
CRS of the positions in that data, plus the sequence of coordinate transformations used to
change these positions into the CRS in which the data is now recorded. Alternately, one
concatenated coordinate transformation could be recorded that includes the original CRS
and the sequence of coordinate transformations used. Similar metadata might be recorded
for data still in the original CRS, but planned to be converted into a different CRS.
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Annex C
(normative)

XML schemas

C.1 General

This clause lists the six XML Schemas for encoding coordinate reference system and
coordinate transformation definition data, namely:

a) referenceSystems.xsd

b) coordinateReferenceSystems.xsd
c) datums.xsd

d) coordinateSystems.xsd

e) coordinateOperations.xsd

f) dataQuality.xsd

NOTE The XML Schemas listed in this annex are directly copied from the XML Schema Document
files attached to this document. If any differences are discovered, please notify the editor and the OGC.

These XML Schemas include <documentation> elements for most of the XML Schema
types defined, and for some of the XML elements defined. Where a XML element or
attribute does not include a <documentation> element but the type it uses does, the type's
<documentation> element applies to all the elements which use that type. These
<documentation> elements specify the meaning of the corresponding XML elements and
attributes. In addition, some <documentation> elements specify constraints on component
elements and attributes. Most of the stated constraints are considered needed to fully
comply with OGC Abstract Specification Topic 2. All the contents of the
<documentation> elements in these schemas are normative.

C.2 XML schema for reference systems encoding

<?xm version="1. 0" encodi ng="UTF-8""?>
<schema t ar get Nanespace="http://ww. opengi s. net/gni "
xm ns: gm ="http://ww. opengi s.net/gn"
xm ns="http://ww. w3. or g/ 2001/ XM_.Schema" el enment For nDef aul t ="qual i fi ed"
version="3.1.0" xm :lang="en">
<annot at i on>
<appi nfo source="urn: opengi s: specification: gm :schena-
ref erenceSystens"/ >
<docunent ati on>
<nane>r ef er enceSyst ens. xsd</ nane>
<versi on>3. 1. 0</ ver si on>
<scope>How to encode reference systemdefinitions. </scope>

© OGC 2003 — All rights reserved 25



OGC 03-010r9

<descri ption>Buil ds on several other parts of GW 3 to encode
the data needed to define reference systens. Prinary editor: Arliss
VWi t esi de. Last updated 2003/ 10/ 16. </description>

<copyri ght >Copyri ght (c) 2002-2003 Open A S Consortium All
Ri ght s Reserved. </ copyri ght >

<conf ormance>Thi s schenma encodes the Reference System (RS)
package of the extended UML Mbdel for OGC Abstract Specification Topic
2: Spatial Referencing by Coordinates. That UML nodel is adapted from
| SO 19111 - Spatial referencing by coordinates, as described in Annex C
of Topic 2. The SC CRS class is also encoded here, to elimnate the
(circular) references from coordi nateQperations. xsd to
coor di nat eRef erenceSyst ens. xsd. The
RS_Spati al Ref er enceSyst emJsi ngGeogr aphi cl dentifier class is not
encoded, since it is not applicable to coordinate positions. The
Cl _Ctation class is not directly encoded, since such information can
be included as netaDat aProperty el enments which are optionally allowed.
A nodi fied version of the EX Extent (DataType) class from|SO 19115 is
currently encoded here, using GWL 3 schema types. (A nore extensive
versi on of the EX Extent package mi ght be XM. encoded in the future,
probably in a separate extent.xsd schema.) </conformance>

</ docunent ati on>
</ annot ati on>

<| - - o e e —————————————————————————————
i ncl udes and i nports

s ————————————————————p ) >

<i ncl ude schenalLocation="dictionary.xsd"/>

<i ncl ude schenmlLocati on="geonetryBasi c2d. xsd"/ >

<i ncl ude schemalLocati on="tenporal .xsd"/>

<| - - o e e —————————————————————————————
el ements and types

s ———————— S

<el enent name="_Ref er enceSyst ent
type="gm : Abstract Ref er enceSyst enlType" abstract="true"
substituti onG oup="gm : Definition"/>
<' - - ey —p—————————————————————————————————— ) >
<conpl exType nane="Abstract Ref er enceSyst enBaseType" abstract="true">
<annot at i on>
<docunent ati on>Basi ¢ encodi ng for reference system objects,
simplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnm :DefinitionType">
<sequence>
<el enent ref="gnl : met aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gn :renmarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Conments on or informati on about
this reference system including source information. </docunentation>
</ annot ati on>
</ el emrent >
<el enent ref="gnm :srsNane"/>
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
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</ conpl exType>

<!-- s —q———————————————————————————— > ]

<el enent name="srsNane" type="gm : Si npl eNaneType"
substituti onG oup="gmn : nane" >

<annot at i on>
<docunent ati on>The nane by which this reference systemis
identified. </docunentation>
</ annot ati on>
</ el emrent >
<!-- s —————— S
<conpl exType nane="Abstract Ref er enceSyst enifype" abstract="true">
<annot at i on>
<document ati on>Descri pti on of a spatial and/or tenpora
ref erence systemused by a dataset. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Ref er enceSyst enBaseType" >
<sequence>
<el ement ref="gm :srsl D" nminGOccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<document ati on>Set of alterative identifications
of this reference system The first srsID, if any, is normally the
primary identification code, and any others are aliases.
</ docunent ati on>
</ annot ati on>
</ el ement >
<el enent ref="gm :validArea” m nCccurs="0"/>
<el enent ref="gnl:scope" m nCccurs="0"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- s s ——————————— -->
<el enent name="srsl D' type="gml :ldentifierType">
<annot at i on>
<docunent ati on>An identification of a reference system
</ docunent ati on>
</ annot ati on>
</ el emrent >
<!-- s e —————————r— >
<el enent name="ref erenceSystenRef" type="gm : Ref er enceSyst enRef Type"
substituti onG oup="gm :dictionaryEntry"/>
<!-- s s ———————— -->
<conpl exType nane="Ref er enceSyst enRef Type" >
<annot at i on>
<document ati on>Associ ation to a reference system either
referencing or containing the definition of that reference system
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl :DictionaryEntryType">
<sequence>
<el enent ref="gm :_ ReferenceSysteni m nQccurs="0"/>
</ sequence>
<attributeGoup ref="gnm: AssociationAttributeG oup"/>
</restriction>
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</ conpl exCont ent >
</ conpl exType>
<!-- sy
<el enent name="_CRS" type="gnl: Abstract CRSType" abstract="true"
substituti onG oup="gm : _ReferenceSysteni/>
<!-- s ——————— R
<conpl exType nane="Abstract CRSType" abstract="true">
<annot at i on>
<docunent ati on>Abstract coordi nate reference system usually
defined by a coordinate systemand a datum This abstract conpl exType
shal |l not be used, extended, or restricted, in an Application Schens,
to define a concrete subtype with a neaning equivalent to a concrete
subtype specified in this docunent. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gnl : Abstract Ref er enceSyst enfType"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- oo
<el enent name="crsRef" type="gm : CRSRef Type"
substituti onG oup="gmn : referenceSystenRef"/>
<!-- s
<conpl exType nanme="CRSRef Type">
<annot at i on>
<docunent at i on>Associ ation to a CRS abstract coordinate
reference system either referencing or containing the definition of
that CRS. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gn : Ref erenceSyst enRef Type" >
<sequence>
<el enent ref="gnm: CRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- sy
<!-- s s
<conpl exType nanme="Si npl eNaneType" >
<annot at i on>
<docunent ati on>The primary name of a reference system object.
The string in the CodeType contains the object identification nanme, and
t he codeSpace attribute is not included. </docunentation>
</ annot ati on>
<si mpl eCont ent >
<restriction base="gnl : CodeType" >
<attribute name="codeSpace" type="anyURl"
use="prohi bi ted"/ >
</restriction>
</ si npl eCont ent >
</ conpl exType>
<!-- s
<conpl exType nanme="IdentifierType">
<annot ati on>
<docunent ati on>An identification of a CRS object. The first
use of the ldentifierType for an object, if any, is nornmally the
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primary identification code, and any others are ali ases.
</ docunent ati on>
</ annot ati on>
<sequence>
<el ement ref="gm : name">
<annot at i on>
<docunent ati on>The code or nanme for this ldentifier
often froma controlled list or pattern defined by a code space. The
optional codeSpace attribute is normally included to identify or
reference a code space within which one or nore codes are defined. This
code space is often defined by sone authority organization, where one
organi zation nmay define multiple code spaces. The range and format of
each Code Space identifier is defined by that code space authority.
I nformati on about that code space authority can be included as
net aDat aProperty el enents which are optionally allowed in all CRS
obj ects. </docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gm :version" m nCccurs="0"/>
<el ement ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent at i on>Rermar ks about this code or alias.
</ docunent ati on>
</ annot ati on>
</ el ement >
</ sequence>
</ conpl exType>
<| - - oo sy
<el ement nane="version" type="string">
<annot at i on>
<docunent ati on>l dentifier of the version of the associated
codeSpace or code, as specified by the codeSpace or code authority.
This version is included only when the "code" or "codeSpace" uses
versi ons. \When appropriate, the version is identified by the effective
date, coded using | SO 8601 date format. </docunentation>
</ annot ati on>
</ el emrent >
<| - - sy
<el enent name="renmarks" type="gm : StringO Ref Type"
substituti onG oup="gnl : description">
<annot at i on>
<docunent ati on>I nfornati on about this object or code. Contains
text or refers to external text. </docunentation>
</ annot ati on>
</ el ement >
<! - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<el enent name="scope" type="string">
<annot at i on>
<docunent ati on>Descri ption of domain of usage, or linmitations
of usage, for which this CRS object is valid. </docunentation>
</ annot ati on>
</ el emrent >

<' - - e ————————————————————————— ) >
<el enent name="val i dArea" type="gm : Ext ent Type" >
<annot at i on>
<docunentation>Area or region in which this CRS object is
valid. </docunentation>
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</ annot ati on>
</ el emrent >
<| - - sy
<conpl exType nane="Ext ent Type" >
<annot at i on>
<docunent ati on>l nfornati on about the spatial, vertical, and/or
tenporal extent of a reference systemobject. Constraints: At |east one
of the elements "description", "boundi ngBox", "boundi ngPol ygon",
"vertical Extent", and tenporal Extent" nust be included, but nore that
one can be included when appropriate. Furthernore, nore than one
"boundi ngBox", "boundi ngPol ygon", "vertical Extent", and/or
tenporal Extent" el enent can be included, with nore than one neaning the
uni on of the individual domains. </docunentation>
</ annot ati on>
<sequence>
<el enent ref="gn :description" mnCccurs="0">
<annot at i on>
<document ati on>Descri pti on of spatial and/or tenpora
extent of this object. </docunentation>
</ annot ati on>
</ el emrent >
<choi ce>
<annot at i on>
<document at i on>Geogr aphi ¢ domain of this reference
system obj ect. </docunentation>
</ annot ati on>
<el enent ref="gnl : boundi ngBox" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Unordered |ist of boundi ng boxes (or
envel opes) whose uni on describes the spatial domain of this object.
</ docunent ati on>
</ annot ati on>
</ el ement >
<el enent ref="gmn : boundi ngPol ygon" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Unordered |ist of boundi ng pol ygons
whose uni on describes the spatial domain of this object.
</ docunent ati on>
</ annot ati on>
</ el emrent >
</ choi ce>
<el enent ref="gm :vertical Extent" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Unordered |ist of vertical intervals
whose uni on describes the spatial domain of this object.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<el enent ref="gnl :tenporal Extent" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Unordered |ist of tine periods whose
uni on describes the spatial domain of this object. </docunmentation>
</ annot ati on>
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</ el emrent >
</ sequence>
</ conpl exType>
<| - - ooy
<el enent name="boundi ngBox" type="gm : Envel opeType" >
<annot at i on>
<docunent ati on>A boundi ng box (or envel ope) defining the
spatial domain of this object. </docunmentation>
</ annot ati on>
</ el emrent >
<' - - s —————— S
<el enent name="boundi ngPol ygon" type="gnl : Pol ygonType" >
<annot at i on>
<docunent at i on>A boundi ng pol ygon defining the horizonta
spatial domain of this object. </docunentation>
</ annot ati on>
</ el emrent >
<| - - ooy
<el enent name="vertical Extent" type="gm : Envel opeType">
<annot at i on>
<docunentation>An interval defining the vertical spatia
domai n of this object. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent name="t enporal Extent" type="gm : Ti nePeri odType" >
<annot at i on>
<documentation>A time period defining the tenmporal domain of
this object. </docunentation>
</ annot ati on>
</ el emrent >
<! - - s ———— S
</ schema>

C.3 XML schema for coordinate reference systems encoding

<?xm version="1.0" encodi ng="UTF-8"7?>
<schema t ar get Nanespace="htt p://ww. opengi s. net/gnl "
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns="http://ww. w3. or g/ 2001/ XM_Schema" el enment For nDef aul t ="qual i fi ed"
version="3.1.0" xm :lang="en">
<annot at i on>
<appi nf o source="urn: opengi s: specification: gm :schema-
coor di nat eRef erenceSyst ens"/ >
<documnent ati on>

<name>coor di nat eRef er enceSyst ens. xsd</ nane>

<versi on>3. 1. 0</ ver si on>

<scope>How to encode coordi nate reference system definitions.
</ scope>

<description>Buil ds on referenceSystens.xsd to encode the data
needed to define coordinate reference systens, including the specific
subtypes of coordinate reference systens. Primary editor: Arliss
VWi t esi de. Last updated 2003/ 10/ 16. </description>

<copyri ght >Copyri ght (c) 2002-2003 Open A S Consortium All
Ri ght s Reserved. </ copyri ght >

<conf ormance>Thi s schema encodes the Coordi nate Reference
System (SC ) package of the extended UML Model for OGC Abstract
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Speci fication Topic 2: Spatial Referencing by Coordinates, with the
exception of the abstract "SC CRS' class. The "SC CRS" class is encoded
in referenceSystens.xsd, to elinmnate the (circular) references from
coor di nat eQper ati ons. xsd to coordi nat eRef erenceSyst ens. xsd. That UM
nodel is adapted from|SO 19111 - Spatial referencing by coordinates,
as described in Annex C of Topic 2. </conformance>
</ docunent ati on>
</ annot ati on>

<!-- o e e —————————————————————————————
i ncl udes and i nports

s ————————— S

<i ncl ude schenmLocati on="coor di nat eSyst ens. xsd"/ >

<i ncl ude schemalLocati on="dat uns. xsd"/ >

<i ncl ude schemalLocati on="coor di nat eOper ati ons. xsd"/ >

<!-- s s p———————————
el ements and types

e e oo

<el enent name="_Coor di nat eRef er enceSyst ent
type="gm : Abstract Coor di nat eRef er enceSyst enlType" abstract ="true"
substituti onGoup="gm: CRS"'/>

<!-- e —————— R

<conpl exType nane="Abstract Coor di nat eRef er enceSyst enfType"
abstract="true">

<annot at i on>
<docunent ati on>A coordi nate reference system consists of an

ordered sequence of coordinate systemaxes that are related to the
earth through a datum A coordinate reference systemis defined by one
dat um and by one coordi nate system Myst coordinate reference system do
not nmove relative to the earth, except for engi neering coordinate
ref erence systens defined on noving platforms such as cars, ships,
aircraft, and spacecraft. For further information, see OGC Abstract
Speci fication Topic 2.

Coordi nate reference systens are comonly divided into sub-types. The
conmon classification criterion for sub-typing of coordinate reference
systens is the way in which they deal with earth curvature. This has a
direct effect on the portion of the earth's surface that can be covered
by that type of CRS with an acceptabl e degree of error. The exception
to the rule is the subtype "Tenporal" which has been added by anal ogy.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gml : Abstract CRSType"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- S S S S . T, T, . T, T, . . . . . . T T . . . S S S S S S S S S S S S -->
<el enent name="coor di nat eRef er enceSyst enRef "
type="gm : Coor di nat eRef er enceSyst enRef Type"
substituti onG oup="gm :crsRef"/>
<!-- s s ———————— -->
<conpl exType nane="Coor di nat eRef er enceSyst enRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a coordi nate reference system
either referencing or containing the definition of that reference
system </docunentation>
</ annot ati on>
<comnpl exCont ent >
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<restriction base="gnl : CRSRef Type" >
<sequence>
<el enent ref="gnl:_Coordi nat eRef er enceSyst ent
m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm: AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent name="ConpoundCRS" type="gm : CompoundCRSType"
substituti onG oup="gm: CRS"'/>
<' - - ooy
<conpl exType nane="ConpoundCRSType" >
<annot at i on>
<docunent ati on>A coordi nate reference system describing the
position of points through two or nore independent coordi nate reference
systenms. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gnl : Abstract CRSType" >
<sequence>
<el enent ref="gm :includesCRS" m nCccurs="2"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Or dered sequence of associations to
all the conponent coordinate reference systens included in this
conpound coordi nate reference system </docunentation>
</ annot ati on>
</ el ement >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - ey —p—————————————————————————————————— ) >
<el ement nane="i ncl udesCRS"
type="gnl : Coor di nat eRef er enceSyst enRef Type" >
<annot at i on>
<documnent ati on>An associ ati on to a conmponent coordi nate
reference systemincluded in this conpound coordi nate reference system
</ docunent ati on>
</ annot ati on>
</ el ement >
<! - - s
<el enent name="conpoundCRSRef " type="gm : ConpoundCRSRef Type"
substituti onG oup="gm :crsRef"/>
<! - - s ———————r— >
<conpl exType nane="ConpoundCRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a conpound coordi nate reference
system either referencing or containing the definition of that
reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl : CRSRef Type" >
<sequence>
<el enent ref="gnl : ConpoundCRS" m nCccurs="0"/>
</ sequence>
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<attributeGoup ref="gnm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s —————————————— -->
<el enent name="Geogr aphi cCRS" type="gm : Geogr aphi cCRSType"
substituti onG oup="gmn :_ Coordi nat eRef er enceSysteni'/ >
<!-- ooy
<conpl exType nane="Ceogr aphi cCRSType" >
<annot at i on>
<docunent ati on>A coordi nate reference system based on an
el | i psoi dal approximation of the geoid; this provides an accurate
representation of the geometry of geographic features for a large
portion of the earth's surface. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Abstract Coor di nat eRef er enceSyst emlype" >
<sequence>
<el enent ref="gn :usesEl |i psoi dal CS"/ >
<el enent ref="gnl : usesCGeodeti cDat un'/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- s —————————————— -->
<el enent nanme="usesEl | i psoi dal CS" type="gnl: El | i psoi dal CSRef Type" >

<annot at i on>
<documnent ati on>Associ ation to the ellipsoidal coordinate
system used by this CRS. </docunentation>
</ annot ati on>
</ el emrent >
<!-- sy
<el enent name="usesCeodeti cDat unt type="gnl : Geodet i cDat unRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to the geodetic datum used by this
CRS. </docunentation>
</ annot ati on>
</ el ement >
<!-- s s ——————————— -->
<el enent nanme="geographi cCRSRef " type="gm : Geogr aphi cCRSRef Type"
substitutionG oup="gnl : coordi nat eRef er enceSyst enRef "/ >
<!-- s
<conpl exType nane="CGeogr aphi cCRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a geographi c coordi nate
reference system either referencing or containing the definition of
that reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Coordi nat eRef er enceSyst enRef Type" >
<sequence>
<el enent ref="gnl : Geographi cCRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
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</ conpl exType>
<! - - s e
<el enent name="Vertical CRS" type="gm :Vertical CRSType"
substituti onG oup="gm : _Coor di nat eRef er enceSyst enf'/ >
<' - - s —————————————————————————— ) >
<conpl exType nanme="Verti cal CRSType" >
<annot at i on>
<documnent ati on>A 1D coordi nate reference system used for
recordi ng heights or depths. Vertical CRSs make use of the direction of
gravity to define the concept of height or depth, but the relationship
with gravity may not be straightforward. By inplication, ellipsoidal
hei ghts (h) cannot be captured in a vertical coordinate reference
system Ellipsoidal heights cannot exist independently, but only as an
i nseparabl e part of a 3D coordinate tuple defined in a geographic 3D
coordi nate reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eRef er enceSyst enType" >
<sequence>
<el enent ref="gm :usesVertical CS"/ >
<el enent ref="gm :usesVerti cal Dat unt'/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - s ———————
<el enent name="usesVertical CS" type="gm : Verti cal CSRef Type" >
<annot at i on>
<docunent ati on>Associ ation to the vertical coordinate system
used by this CRS. </docunentation>
</ annot ati on>
</ el emrent >
<| - - sy
<el enent name="usesVerti cal Datunm type="gn : Verti cal Dat unRef Type" >
<annot at i on>
<docunent ati on>Associ ation to the vertical datumused by this
CRS. </docunentation>
</ annot ati on>
</ el ement >
<' - - ey —p—————————————————————————————————— ) >
<el enent nanme="vertical CRSRef" type="gm : Verti cal CRSRef Type"
substitutionG oup="gnl : coordi nat eRef er enceSyst enRef "/ >
<! - - s
<conpl exType nane="Verti cal CRSRef Type" >
<annot ati on>
<docunent at i on>Associ ation to a vertical coordinate reference
system either referencing or containing the definition of that
ref erence system </docunentation>
</ annot ati on>
<comnpl exCont ent >

<restriction base="gnl: Coordi nat eRef er enceSyst enRef Type" >
<sequence>
<el enent ref="gn :Vertical CRS" m nQccurs="0"/>
</ sequence>
<attributeGoup ref="gnm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
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</ conpl exType>
<! - - s e
<el enent name="CGeocentri cCRS" type="gm : Geocent ri cCRSType
substituti onG oup="gm : _Coor di nat eRef er enceSyst enf'/ >
<' - - s —————————————————————————— ) >
<conpl exType nane="Ceocent ri cCRSType" >
<annot at i on>
<docunent ati on>A 3D coordi nate reference systemw th the
origin at the approximate centre of mass of the earth. A geocentric CRS
deals with the earth's curvature by taking a 3D spatial view, which
obvi ates the need to nodel the earth's curvature. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eRef er enceSyst enType" >
<sequence>
<choi ce>
<el enent ref="gnl : usesCartesi anCS"/ >
<el enent ref="gm : usesSpherical CS"/ >
</ choi ce>
<el enent ref="gnl : usesCGeodeti cDat un'/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent name="usesCartesi anCS" type="gmnl : Cart esi anCSRef Type" >
<annot at i on>
<document ati on>Associ ati on to the Cartesi an coordi nate system
used by this CRS. </docunentation>
</ annot ati on>
</ el emrent >
<! - - s ———— S
<el enent name="usesSpherical CS" type="gm : Spheri cal CSRef Type" >
<annot at i on>
<docunent at i on>Associ ati on to the spherical coordinate system
used by this CRS. </docunentation>
</ annot ati on>
</ el ement >
<| - - s s
<el enent name="geocentri cCRSRef " type="gm : Geocent ri cCRSRef Type"
substitutionG oup="gmn : coordi nat eRef er enceSyst enRef "/ >
<! - - s e —————————r— >
<conpl exType nane="CGeocentri cCRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a geocentric coordi nate
reference system either referencing or containing the definition of
that reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Coordi nat eRef er enceSyst enRef Type" >
<sequence>
<el enent ref="gnl : Geocentri cCRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
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<' - - s ——————— S
<el enent nanme="_GCener al Deri vedCRS"
type="gm : Abstract Gener al Deri vedCRSType" abstract="true"
substituti onG oup="gm : _Coor di nat eRef er enceSyst enf'/ >
<' - - s —————————————————————————— ) >
<conpl exType nane="Abstract Gener al Deri vedCRSType" abstract="true">
<annot at i on>
<document ati on>A coordi nate reference systemthat is defined
by its coordi nate conversion from another coordinate reference system
(not by a datum). This abstract conpl exType shall not be used,
extended, or restricted, in an Application Schenma, to define a concrete
subtype with a neaning equivalent to a concrete subtype specified in
this docunent. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gnl : Abstract Coor di nat eRef er enceSyst emlype" >
<sequence>
<el enent ref="gnl : baseCRS"/ >
<el enent ref="gnl:defi nedByConversi on"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - oo
<el enent name="baseCRS" type="gni : Coor di nat eRef er enceSyst enRef Type" >
<annot at i on>
<docunent ati on>Associ ation to the coordi nate reference system
used by this derived CRS. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————— R
<el enent nanme="defi nedByConversi on"
type="gm : Gener al Conver si onRef Type" >
<annot at i on>
<docunent at i on>Associ ati on to the coordi nate conversion used
to define this derived CRS. </docunentation>
</ annot ati on>
</ el ement >
<' - - s s
<el enent name="gener al Deri vedCRSRef "
type="gmnl : Gener al Deri vedCRSRef Type"
substitutionG oup="gnl : coordi nat eRef er enceSyst enRef "/ >
<! - - s
<conpl exType nane="Cener al Deri vedCRSRef Type" >
<annot ati on>
<docunent ati on>Associ ation to a general derived coordi nate
reference system either referencing or containing the definition of
that reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Coordi nat eRef er enceSyst enRef Type" >
<sequence>
<el enent ref="gm :_ Ceneral Deri vedCRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
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<' - - s ——————— S
<el enent name="Proj ect edCRS" type="gnl : Proj ect edCRSType"
substituti onG oup="gm :_General Deri vedCRS"/ >
<| - - ooy
<conpl exType nane="Proj ect edCRSType" >
<annot at i on>
<docunent ati on>A 2D coordi nate reference systemused to
approxi mate the shape of the earth on a planar surface, but in such a
way that the distortion that is inherent to the approximation is
carefully controlled and known. Distortion correction is conmonly
applied to cal cul ated bearings and di stances to produce val ues that are
a close match to actual field values. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Deri vedCRSType" >
<sequence>
<el enent ref="gnl : usesCartesi anCS"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="proj ect edCRSRef " type="gm : Proj ect edCRSRef Type"
substituti onG oup="gm : gener al Deri vedCRSRef "/ >
<' - - s —————————————————————————— ) >
<conpl exType nane="Proj ect edCRSRef Type" >
<annot at i on>
<document ati on>Associ ati on to a projected coordi nate reference
system either referencing or containing the definition of that
reference system </docunentation>
</ annot ati on>
<compl exCont ent >
<restriction base="gnl : General Deri vedCRSRef Type" >
<sequence>
<el enent ref="gnl : ProjectedCRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<| - - e ——————
<el enent name="Deri vedCRS" type="gnl : Deri vedCRSType"
substituti onG oup="gm :_General Deri vedCRS"/ >
<! - - s
<conpl exType nane="Deri vedCRSType" >
<annot at i on>
<docunent ati on>A coordi nate reference systemthat is defined
by its coordi nate conversion from another coordinate reference system
but is not a projected coordinate reference system This category
i ncl udes coordi nate reference systens derived froma projected
coordi nate reference system </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Deri vedCRSType" >
<sequence>
<el enent ref="gm : deri vedCRSType"/ >
<el enent ref="gnl :usesCS"/ >
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</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>

<!-- s —————————————— -->
<el enent nanme="deri vedCRSType" type="gnl : Deri vedCRSTypeType"/ >
<'-- s

<conpl exType nane="Deri vedCRSTypeType" >
<annot at i on>
<docunent ati on>Type of a derived coordinate reference system
</ docunent ati on>
</ annot ati on>
<si nmpl eCont ent >
<restriction base="gmnl : CodeType" >
<attribute name="codeSpace" type="anyURlI" use="required">
<annot at i on>
<docunent ati on>Ref erence to a source of information
speci fying the val ues and meani ngs of all the allowed string values for
this DerivedCRSTypeType. </docunentation>
</ annot ati on>
</attribute>
</restriction>
</ si npl eCont ent >
</ conpl exType>
<!-- s —————————————— -->
<el enent name="usesCS" type="gm : Coor di nat eSyst enRef Type" >
<annot at i on>
<document ati on>Associ ati on to the coordi nate system used by
this CRS. </docunentation>
</ annot ati on>
</ el emrent >
<!-- s ———— S
<el enent name="deri vedCRSRef " type="gml : Deri vedCRSRef Type
substituti onG oup="gm : gener al Deri vedCRSRef "/ >
<!-- s s ——————————— -->
<conpl exType nane="Deri vedCRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a non-projected derived
coordi nate reference system either referencing or containing the
definition of that reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl : General Deri vedCRSRef Type" >
<sequence>
<el enent ref="gnl : Deri vedCRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- S S S S . T, T, . T, T, . . . . . . T T . . . S S S S S S S S S S S S -->
<el enent name="Engi neeri ngCRS" type="gm : Engi neeri ngCRSType"
substituti onG oup="gm : _Coor di nat eRef er enceSyst eni'/ >
<!-- s s ———————— -->
<conpl exType nane="Engi neeri ngCRSType" >
<annot at i on>
<docunent ati on>A contextual ly | ocal coordinate reference
system which can be divided into two broad categori es:
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- earth-fixed systens applied to engineering activities on or near the
surface of the earth;
- CRSs on moving platforms such as road vehicles, vessels, aircraft, or
spacecraft.
For further information, see OGC Abstract Specification Topic 2.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eRef er enceSyst enlype" >
<sequence>
<el enent ref="gnl :usesCS"/>
<el enent ref="gnl :usesEngi neeri ngDat unt'/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="usesEngi neeri ngDat unt
type="gm : Engi neeri ngbDat unRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to the engi neering datum used by
this CRS. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent name="engi neeri ngCRSRef" type="gnl : Engi neeri ngCRSRef Type"
substituti onG oup="gmnl : coordi nat eRef er enceSyst enRef "/ >
<' - - oo sy
<conpl exType nane="Engi neeri ngCRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to an engi neeri ng coordi nate
reference system either referencing or containing the definition of
that reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Coordi nat eRef er enceSyst enRef Type" >
<sequence>
<el enent ref="gm : Engi neeri ngCRS" mi nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="1mageCRS" type="gm : | mageCRSType"
substituti onG oup="gm :_ Coordi nat eRef er enceSysteni'/ >
<! - - s ———————r— >
<conpl exType nane="I| nageCRSType" >
<annot at i on>
<documnent ati on>An engi neeri ng coordi nate reference system
applied to locations in inages. |nage coordinate reference systens are
treated as a separate sub-type because a separate user conmmunity exists
for images with its own terns of reference. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eRef er enceSyst enType" >
<sequence>
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<choi ce>
<el enent ref="gn : usesCartesi anCS"/ >
<el enent ref="gm : usesObl i queCartesi anCS"/ >
</ choi ce>
<el ement ref="gn : usesl mageDat uni'/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent nanme="usesObl i queCart esi anCS"
type="gnl : bl i queCart esi anCSRef Type" >
<annot at i on>
<documnent ati on>Associ ati on to the oblique Cartesian coordinate
system used by this CRS. </docunentation>
</ annot ati on>
</ el emrent >
<' - - ooy
<el enent name="usesl nageDat uni' type="gm : | mageDat unRef Type" >
<annot at i on>
<docunent ati on>Associ ation to the i nage datum used by this
CRS. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent name="i nageCRSRef " type="gm : | mageCRSRef Type"
substituti onG oup="gmnl : coordi nat eRef er enceSyst enRef "/ >
<' - - oo sy
<conpl exType nanme="I| nageCRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to an i nage coordi nate reference
system either referencing or containing the definition of that
reference system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Coordi nat eRef er enceSyst enRef Type" >
<sequence>
<el ement ref="gm : 1 mageCRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="Tenpor al CRS" type="gm : Tenpor al CRSType"
substituti onG oup="gm :_ Coordi nat eRef er enceSysteni'/ >
<! - - s ———————r— >
<conpl exType nanme="Tenpor al CRSType" >
<annot at i on>
<docunent ati on>A 1D coordi nate reference systemused for the
recording of tine. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eRef er enceSyst enType" >
<sequence>
<el enent ref="gm : usesTenporal CS"/ >
<el enent ref="gnl : usesTenporal Dat unt'/ >
</ sequence>

© OGC 2003 — All rights reserved 41



OGC 03-010r9

</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- ooy
<el enent name="usesTenporal CS" type="gm : Tenpor al CSRef Type" >
<annot at i on>
<docunent ati on>Associ ation to the tenporal coordinate system
used by this CRS. </docunentation>
</ annot ati on>
</ el ement >
<!-- s —————— S
<el enent name="usesTenpor al Dat unt' type="gnl : Tenpor al Dat unRef Type" >
<annot at i on>
<document ati on>Associ ati on to the tenporal datum used by this
CRS. </docunentation>
</ annot ati on>

</ el ement >
<!-- oo
<el enent name="t enpor al CRSRef " type="gm : Tenpor al CRSRef Type"
substituti onG oup="gmn : coordi nat eRef er enceSyst enRef "/ >
<!-- s
<conpl exType nane="Tenpor al CRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a tenporal coordinate reference
system either referencing or containing the definition of that
reference system </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: Coordi nat eRef er enceSyst enRef Type" >
<sequence>
<el enent ref="gnl: Tenporal CRS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- sy
</ schema>

C.4 XML schema for datums encoding

<?xm version="1. 0" encodi ng="UTF-8""?>
<schema t ar get Nanespace="http://ww. opengi s. net/gni "
xm ns="http://ww. w3. or g/ 2001/ XM_Schema"
xm ns: gm ="http://ww. opengi s. net/gm " el ement For mDef aul t ="qual i fi ed"
version="3.1.0" xnm:lang="en">
<annot at i on>
<appi nfo source="urn: opengi s: speci fication: gm :schena-datuns"/>
<docunent at i on>
<nane>dat uns. xsd</ nanme>
<versi on>3. 1. 0</ ver si on>
<scope>How to encode datum definitions. </scope>
<description>Buil ds on referenceSystens.xsd to encode the data
needed to define datuns, including the specific subtypes of datuns.
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Primary editor: Arliss Witeside. Last updated 2003/ 10/ 16.
</ descri ption>

<copyri ght >Copyri ght (c) 2002-2003 Open A S Consortium All
Ri ght s Reserved. </ copyri ght >

<conf or mance>Thi s schenma encodes the Datum (CD_) package of
t he extended UML Model for OGC Abstract Specification Topic 2: Spatial
Ref erenci ng by Coordi nates. That UML nodel is adapted fromI| SO 19111 -
Spatial referencing by coordinates, as described in Annex C of Topic 2.
</ conf or mance>

</ docunent ati on>
</ annot ati on>

<!-- s s ———————————————————
i ncl udes and i nports

ey

<i ncl ude schemalLocati on="ref erenceSyst ens. xsd"/ >

<!-- s s ———————————————————
el ements and types

ey

<el enent name="_Datuni type="gm : Abstract Dat uniType" abstract="true
substituti onG oup="gm : Definition"/>
<!-- s
<conpl exType nane="Abstract Dat unBaseType" abstract="true">
<annot at i on>
<docunent at i on>Basi ¢ encodi ng for datum objects, sinplifying
and restricting the DefinitionType as needed. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnm :DefinitionType">
<sequence>
<el enent ref="gn : nmet aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Conments on this reference system
i ncludi ng source information. </docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gnl : dat unNane"/ >
</ sequence>
<attribute ref="gm:id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s s ———————— -->
<el enent nanme="dat umNane" type="gnl : Si npl eNameType"
substituti onG oup="gmn : nane" >
<annot at i on>
<docunent ati on>The nanme by which this datumis identified.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<!-- s
<conpl exType nane="Abstract Dat unifype" abstract="true">
<annot ati on>
<docunent ati on>A datum specifies the relationship of a
coordi nate systemto the earth, thus creating a coordinate reference
system A datumuses a paraneter or set of paraneters that deterni ne
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the I ocation of the origin of the coordinate reference system Each
dat um subtype can be associated with only specific types of coordinate
systenms. This abstract conpl exType shall not be used, extended, or
restricted, in an Application Schema, to define a concrete subtype with
a neani ng equi valent to a concrete subtype specified in this docunent.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Dat unBaseType" >
<sequence>
<el enent ref="gnl :datum D' m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<document ati on>Set of alternative identifications
of this datum The first datum D, if any, is normally the primary
identification code, and any others are aliases. </docunentation>
</ annot ati on>
</ el ement >
<el ement ref="gm :anchor Point" m nCccurs="0"/>
<el ement ref="gm :realizationEpoch" mi nCccurs="0"/>
<el enent ref="gm :validArea" m nCccurs="0"/>
<el enent ref="gnl:scope" m nCccurs="0"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="datum D' type="gm :ldentifierType">
<annot at i on>
<docunent ati on>An identification of a datum </docunentation>
</ annot ati on>
</ el emrent >
<' - - sy
<el ement nane="anchor Poi nt" type="gm : CodeType">
<annot at i on>
<docunent ati on>Descri pti on, possibly including coordi nates, of
the point or points used to anchor the datumto the Earth. Al so known
as the "origin", especially for engineering and i mage datunms. The
codeSpace attribute can be used to reference a source of nore detail ed
on this point or surface, or on a set of such descriptions.
- For a geodetic datum this point is also known as the fundanental
point, which is traditionally the point where the rel ationship between
geoid and ellipsoid is defined. In some cases, the "fundamental point”
may consi st of a nunmber of points. In those cases, the paraneters
defining the geoid/ellipsoid relationship have been averaged for these
points, and the averages adopted as the datum definition
- For an engineering datum the anchor point may be a physical point,
or it may be a point with defined coordinates in another CRS. Wen
appropriate, the coordinates of this anchor point can be referenced in
anot her docunent, such as referencing a GW. feature that references or
i ncl udes a point position.
- For an image datum the anchor point is usually either the centre of
the i mage or the corner of the inage.
- For a tenmporal datum this attribute is not defined. |Instead of the
anchor point, a tenmporal datumcarries a separate tinme origin of type
Dat eTi me. </docunentation>
</ annot ati on>
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</ el emrent >
<!-- s e
<el ement nane="real i zati onEpoch" type="date">
<annot at i on>
<docunent ati on>The tinme after which this datumdefinition is
valid. This tinme may be precise (e.g. 1997.0 for IRTF97) or nerely a
year (e.g. 1983 for NAD83). In the latter case, the epoch usually
refers to the year in which a major recal cul ati on of the geodetic
control network, underlying the datum was executed or initiated. An
old datum can remain valid after a new datumis defined. Aternatively,
a datum may be superseded by a |later datum in which case the
realization epoch for the new datum defines the upper limt for the
validity of the superseded datum </docunentation>
</ annot ati on>
</ el ement >
<!-- s ———————
<el enent nanme="dat unRef" type="gmn : Dat unRef Type"
substituti onG oup="gm :dictionaryEntry"/>
<!-- oo
<conpl exType nane="Dat unRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a datum either referencing or
contai ning the definition of that datum </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl:DictionaryEntryType">
<sequence>
<el enent ref="gm :_Datunf m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- sy
<el ement nane="Engi neeri ngDat unt' type="gml : Engi neeri ngDat unfType"
substituti onG oup="gm :_ Datuni/>
<!-- s e —————————r— >
<conpl exType nane="Engi neeri ngDat unilype" >
<annot at i on>
<docunent ati on>An engi neeri ng datum defines the origin of an
engi neering coordinate reference system and is used in a region around
that origin. This origin can be fixed with respect to the earth (such
as a defined point at a construction site), or be a defined point on a
novi ng vehicle (such as on a ship or satellite). </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gnl : Abstract Dat unType"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- s s ———————— -->
<el enent name="engi neeri ngDat unRef "
type="gnl : Engi neeri ngbDat unRef Type" substituti onG oup="gm : dat unRef"/ >
<!-- s
<conpl exType nane="Engi neeri ngDat unRef Type" >
<annot ati on>
<docunent at i on>Associ ati on to an engi neering datum either
referencing or containing the definition of that datum
</ docunent ati on>
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</ annot ati on>
<conpl exCont ent >
<restriction base="gmnl : Dat unRef Type" >
<sequence>
<el ement ref="gm : Engi neeri ngbat um' m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s —————— S
<el enent name="1nmageDat um' type="gnl : | nageDat uniType"
substituti onG oup="gm :_Datunt/>
<!-- ooy
<conpl exType nanme="I| nageDat unirype" >
<annot at i on>
<docunent ati on>An i mage datum defines the origin of an imge
coordi nate reference system and is used in a local context only. For
nore information, see OGC Abstract Specification Topic 2.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Dat uniType" >
<sequence>
<el ement ref="gm : pixellnCell"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>

<!-- s —————————————— -->
<el enent name="pi xel I nCel I " type="gm : Pi xel I nCel | Type"/ >
<!-- s ———— S

<conpl exType nanme="Pi xel I nCel | Type" >
<annot at i on>
<docunent ati on>Specification of the way an image grid is
associated with the inmage data attributes. </docunentation>
</ annot ati on>
<si nmpl eCont ent >
<restriction base="gmn : CodeType">
<attribute name="codeSpace" type="anyURlI " use="required">
<annot at i on>
<docunent ati on>Ref erence to a source of information
speci fying the val ues and meani ngs of all the allowed string values for
this PixellnCell Type. </docunentation>
</ annot ati on>
</attribute>
</restriction>
</ si npl eCont ent >
</ conpl exType>
<!-- s s ———————— -->
<el enent nanme="i mageDat unRef " type="gm : | nageDat unRef Type"
substituti onG oup="gnl : dat unRef"/ >
<!-- s
<conpl exType nane="I| nageDat unRef Type" >
<annot ati on>
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<docunent ati on>Associ ation to an i nage datum either
referencing or containing the definition of that datum
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Dat unRef Type" >
<sequence>
<el enent ref="gn : 1 mageDat um m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- ooy
<el enent name="Vertical Datum' type="gm : Verti cal Dat unilype"
substituti onG oup="gm :_ Datuni/>
<!-- s
<conpl exType nane="Verti cal Dat unifype" >
<annot at i on>
<docunent ati on>A textual description and/or a set of
paraneters identifying a particular reference |evel surface used as a
zero-height surface, including its position with respect to the Earth
for any of the height types recognized by this standard. There are
several types of Vertical Datunms, and each may place constraints on the
Coordinate Axis with which it is conbined to create a Vertical CRS
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Dat uniType" >
<sequence>
<el enent ref="gn :vertical Dat unType" m nCccurs="0"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- s ——————— R

<el enent nanme="verti cal Dat umlype" type="gm :Verti cal Dat umlypeType"/>
<!-- s s
<conpl exType nanme="Verti cal Dat unifypeType" >
<annot at i on>
<docunent ati on>Type of a vertical datum </docunentation>
</ annot ati on>
<si npl eCont ent >
<restriction base="gnm : CodeType" >
<attribute nanme="codeSpace" type="anyURlI" use="required">
<annot at i on>
<docunent ati on>Ref erence to a source of information
speci fying the val ues and meani ngs of all the allowed string values for
this Vertical Dat unifypeType. </docunentation>
</ annot ati on>
</attribute>
</restriction>
</ si npl eCont ent >
</ conpl exType>
<!-- S S S S . T, T, . T, T, . . . . . . T T . . . S S S S S S S S S S S S -->
<el enent name="vertical Dat unRef" type="gm : Verti cal Dat unRef Type"
substituti onG oup="gm : dat unRef "/ >
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<' - - s ——————— S
<conpl exType nane="Verti cal Dat unRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a vertical datum either
referencing or containing the definition of that datum
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gmn : Dat unRef Type" >
<sequence>
<el enent ref="gnl :Vertical Dat um' m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="Tenpor al Dat um' type="gml : Tenpor al Dat unirype"
substituti onG oup="gm :_Datunt/>
<' - - s —————————————————————————— ) >
<conpl exType nane="Tenpor al Dat unBaseType" abstract="true">
<annot at i on>
<documnentation>Partially defines the origin of a tenpora
coordi nate reference system This type restricts the AbstractDatunilype
to renove the "anchorPoint" and "realizati onEpoch" el ements.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: Abstract Dat unType" >
<sequence>
<el enent ref="gn : nmet aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gnl : dat unNane"/ >
<el enent ref="gn :datum D' m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gm :validArea" m nCccurs="0"/>
<el enent ref="gnl:scope" m nCccurs="0"/>
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<conpl exType nane="Tenpor al Dat unilype" >
<annot ati on>
<docunent ati on>Defines the origin of a tenporal coordinate
reference system This type extends the Tenporal Dat unRestricti onType to
add the "origin" elenent with the dateTime type. </documentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gnl : Tenpor al Dat unBaseType" >
<sequence>
<elenent ref="gm :origin"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
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<' - - s ——————— S
<el enent name="origin" type="dateTi ng">
<annot at i on>
<documnent ati on>The date and tine origin of this tenpora
datum </ docunent ati on>
</ annot ati on>
</ el emrent >
<| - - ooy
<el enent name="t enpor al Dat unRef " type="gm : Tenpor al Dat unRef Type"
substituti onG oup="gmn : dat unRef"/ >
<' - - s —————— S
<conpl exType nane="Tenpor al Dat unRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a tenporal datum either
referencing or containing the definition of that datum
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gmnl : Dat unRef Type" >
<sequence>
<el enent ref="gnl: Tenporal Dat um’ m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="CGeodeti cDat um' type="gm : Geodet i cDat unlype'
substituti onG oup="gm :_Datuni/>
<' - - s —————————————————————————— ) >
<conpl exType nane="Ceodet i cDat unirype" >
<annot at i on>
<docunent ati on>A geodeti c datum defines the precise | ocation
and orientation in 3-di nensi onal space of a defined ellipsoid (or
sphere) that approximates the shape of the earth, or of a Cartesian
coordi nate systemcentered in this ellipsoid (or sphere).
</ docunent at i on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Dat unType" >
<sequence>
<el enent ref="gnl :usesPrineMeridi an"/>
<el enent ref="gnm :usesEl lipsoid"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - oo
<el enent name="usesPrineMeridi an" type="gnl : PrinmeMeridi anRef Type">
<annot ati on>
<docunent at i on>Associ ation to the prime meridian used by this
geodeti c datum </docunentation>
</ annot ati on>
</ el ement >
<' - - e ————————————————————————— ) >
<el enent name="usesEl | i psoi d" type="gm : Elli psoi dRef Type" >
<annot at i on>
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<docunent ati on>Association to the ellipsoid used by this
geodetic datum </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent nanme="geodeti cDat unRef " type="gm : Geodet i cDat unRef Type"
substituti onG oup="gnl : dat unRef"/ >
<' - - ooy
<conpl exType nane="Ceodet i cDat unRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a geodetic datum either
referencing or containing the definition of that datum
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: Dat unRef Type" >
<sequence>
<el enent ref="gnl : Geodeti cDat um m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - oo
<' - - s —————————————————————————— ) >
<el enent name="Pri meMeri di an" type="gm : PrineMeridi anType"
substituti onG oup="gm : Definition"/>
<' - - oo sy
<conpl exType nane="Pri neMeri di anBaseType" abstract="true">
<annot at i on>
<docunent ati on>Basi ¢ encodi ng for prinme neridian objects,
sinmplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl :DefinitionType">
<sequence>
<el enent ref="gnl : met aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el ement ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Comments on or informati on about
this prime neridian, including source information. </docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gnl : nmeridi anNane"/ >
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - sy ——————r— S
<el enent name="neri di anNane" type="gnl :Si npl eNameType"
substitutionG oup="gmn : nane" >
<annot at i on>
<docunent ati on>The nanme by which this prinme nmeridian is
identified. The neridi anName nost conmon val ue is a€o&x eenwi cha€r, and
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t hat val ue shall be used when the greenw chLongitude value is zero.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<conpl exType nane="Pri neMeri di anType" >
<annot at i on>
<docunent ati on>A prine neridian defines the origin fromwhich
| ongi tude val ues are determ ned. </ docunent ati on>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gmnl : Pri meMeri di anBaseType" >
<sequence>
<el enent ref="gm : meridianl D' m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Set of alternative identifications
of this prime neridian. The first nmeridianlD, if any, is normally the
primary identification code, and any others are ali ases.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<el enent ref="gnl : greenwi chLongi tude"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - oo sy
<el enent name="neri di anl D' type="gm :ldentifierType">
<annot at i on>
<docunentation>An identification of a prine neridian
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - ey —p—————————————————————————————————— ) >
<el enent name="greenw chLongi tude" type="gm : Angl eChoi ceType" >
<annot at i on>
<documnent ati on>Longi t ude of the prine neridian nmeasured from
the G eenwi ch neridian, positive eastward. The greenw chLongitude nost
comon value is zero, and that value shall be used when the
neri di anNanme val ue i s &€& eenwi ch&€ll. </ docunent ati on>
</ annot ati on>
</ el ement >
<! - - oo
<el ement nanme="prineMeridi anRef" type="gm : Pri neMeri di anRef Type"
substituti onG oup="gmn :dictionaryEntry"/>
<! - - s e ————————r— >
<conpl exType nane="Pri meMeri di anRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a prine neridian, either
referencing or containing the definition of that meridian
</ docunent at i on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl:DictionaryEntryType">
<sequence>
<el enent ref="gnm :PrinmeMeridian" m nCccurs="0"/>
</ sequence>

© OGC 2003 — All rights reserved 51



OGC 03-010r9

<attributeGoup ref="gnm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent name="El | i psoid" type="gnl:EllipsoidType"
substituti onG oup="gm : Definition"/>
<' - - ooy
<conpl exType nane="El | i psoi dBaseType" abstract="true">
<annot at i on>
<docunent ati on>Basi ¢ encodi ng for ellipsoid objects,
sinmplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl:DefinitionType">
<sequence>
<el enent ref="gmn : met aDat aPr operty
maxQccur s="unbounded"/ >
<el ement ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Comments on or informati on about
this ellipsoid, including source information. </docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gnl:ellipsoi dNane"/>
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s ———— S
<el enent name="el | i psoi dNanme" type="gm : Si npl eNaneType"
substitutionG oup="gmn : nane" >
<annot at i on>
<docunent ati on>The nanme by which this ellipsoid is identified.
</ docunent at i on>
</ annot ati on>
</ el ement >
<' - - ey —p—————————————————————————————————— ) >
<conpl exType nane="El | i psoi dType" >
<annot at i on>
<documnentation>An ellipsoid is a geonetric figure that can be
used to describe the approxi mte shape of the earth. In mathematica
ternms, it is a surface formed by the rotation of an ellipse about its
m nor axis. </docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : El | i psoi dBaseType" >
<sequence>
<el enent ref="gm :ellipsoidl D' m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Set of alternative identifications
of this ellipsoid. The first ellipsoidID, if any, is normally the
primary identification code, and any others are aliases.
</ docunent at i on>

m nCccur s="0"
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</ annot ati on>
</ el enent >
<el enent ref="gnl :sem Myj or Axi s"/>
<el enent ref="gnl : secondDefi ni ngParaneter"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- oo sy
<el ement nane="el lipsoidl D' type="gm :IdentifierType">
<annot at i on>
<docunentati on>An identification of an ellipsoid.
</ docunent ati on>
</ annot ati on>
</ el ement >
<!-- s ———————
<el enent name="sem Maj or Axi s" type="gmi : Lengt hType" >
<annot at i on>
<documnent ati on>Length of the sem -major axis of the ellipsoid.
</ docunent ati on>
</ annot ati on>
</ el enent >
<!-- sy
<el enent name="el | i psoi dRef" type="gmi : El | i psoi dRef Type"
substituti onG oup="gm :dictionaryEntry"/>
<!-- s ———————
<conpl exType nane="El|i psoi dRef Type" >
<annot at i on>
<document ati on>Associ ation to an ellipsoid, either referencing
or containing the definition of that ellipsoid. </docunmentation>
</ annot ati on>
<compl exCont ent >
<restriction base="gnl :DictionaryEntryType">
<sequence>
<el ement ref="gm :Ellipsoid" minCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- e ——————
<el enent name="secondDefi ni ngPar anet er"
type="gm : SecondDef i ni ngPar anet er Type"/ >
<!-- s
<conpl exType nane="SecondDef i ni ngPar anet er Type" >
<annot at i on>
<docunentation>Definition of the second paraneter that defines
the shape of an ellipsoid. An ellipsoid requires two defining
paraneters: semi-mgjor axis and inverse flattening or sem -nmmjor axis
and semi-minor axis. Wen the reference body is a sphere rather than an
ellipsoid, only a single defining paraneter is required, nanely the
radi us of the sphere; in that case, the sem -nmmjor axis "degenerates"
into the radius of the sphere.</docunentation>
</ annot ati on>
<choi ce>
<el ement ref="gm :inverseFl atteni ng"/>
<el enent ref="gnl :sem M nor Axi s"/ >
<el enent ref="gm :isSphere"/>
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</ choi ce>
</ conpl exType>
<!-- sy
<el enent name="inverseFl atteni ng" type="gm : Scal eType" >
<annot at i on>
<docunent ati on>l nverse flattening value of the ellipsoid.
</ docunent at i on>
</ annot ati on>
</ el ement >
<!-- s —————————————— -->
<el enent name="sem M nor Axi s" type="gmi : Lengt hType" >
<annot at i on>
<docunent ati on>Length of the sem -minor axis of the ellipsoid.
</ docunent ati on>

</ annot ati on>
</ el emrent >
<!-- ooy
<el ement nane="i sSphere">
<annot at i on>
<docunentation>The ellipsoid is degenerate and is actually a
sphere. The sphere is conpletely defined by the sem -ngajor axis, which
is the radius of the sphere. </docunentation>
</ annot ati on>
<si npl eType>
<restriction base="string">
<enuner ation val ue="sphere"/ >
</restriction>
</ si npl eType>
</ el ement >
<!-- s —————— R
</ schema>

C.5 XML schema for coordinate systems encoding

<?xm version="1.0" encodi ng="UTF-8""?>
<schenmm t ar get Nanespace="htt p://ww. opengi s. net/gnl "
xm ns="http://wwmv. w3. or g/ 2001/ XM_Schema"
xm ns: gm ="http://ww. opengi s. net/gm " el ement For mDef aul t ="qual i fied"
version="3.1.0" xm:lang="en">
<annot at i on>
<appi nfo source="urn: opengi s: specification:gn:schena-
coor di nat eSyst ens"/ >
<docunent ati on>

<nane>coor di nat eSyst ens. xsd</ nane>

<versi on>3. 1. 0</ versi on>

<scope>How to encode coordi nate system definitions. </scope>

<descri ption>Buil ds on referenceSystens.xsd to encode the data
needed to define coordi nate systens, including the specific subtypes of
coordi nate systenms. Primary editor: Arliss Witeside. Last updated
2003/ 10/ 16. </ descri pti on>

<copyri ght >Copyri ght (c) 2002-2003 Opend@ S, Al Rights
Reserved. </ copyri ght >

<conf ormance>Thi s schema encodes t he Coordi nate System (CS)
package of the extended UML Mddel for OGC Abstract Specification Topic
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2: Spatial Referencing by Coordinates. That UML nodel is adapted from
| SO 19111 - Spatial referencing by coordinates, as described in Annex C
of Topic 2. </confornmance>
</ docunent ati on>
</ annot ati on>

<!-- S
i ncludes and inports

s> ]

<i ncl ude schemalLocati on="ref erenceSyst ens. xsd"/ >

<!-- s s p———————————
el ements and types

s —q———————————————————————————— > ]

<el enent name="Coor di nat eSyst enAxi s"
type="gm : Coor di nat eSyst emAxi sType"
substituti onG oup="gm : Definition"/>
<!-- s ———————
<conpl exType nane="Coor di nat eSyst emAxi sBaseType" abstract="true">
<annot at i on>
<document ati on>Basi ¢ encodi ng for coordi nate system axis
objects, sinmplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnm :DefinitionType">
<sequence>
<el enent ref="gn : nmet aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Conments on or infornmati on about
this coordi nate systemaxis, including data source infornmation.
</ docunent ati on>
</ annot ati on>
</ el ement >
<el ement ref="gm :axi sName"/>
</ sequence>
<attribute ref="gm:id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- e ——————
<el enent name="axi sNane" type="gm : Si npl eNaneType"
substituti onG oup="gmn : nane" >
<annot at i on>
<docunent ati on>The nanme by whi ch this coordinate system axis
is identified. </documentation>
</ annot ati on>
</ el ement >
<!-- s s ———————— -->
<conpl exType nane="Coor di nat eSyst emAxi sType" >
<annot ati on>
<docunentati on>Definition of a coordinate system axis.
</ docunent ati on>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Coor di nat eSyst emAxi sBaseType" >
<sequence>
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<el enent ref="gnl :axislD'" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<document ati on>Set of alternative identifications
of this coordinate systemaxis. The first axisID, if any, is normally
the primary identification code, and any others are aliases.
</ docunent at i on>
</ annot ati on>
</ el ement >
<el ement ref="gnl : axi sAbbrev"/>
<el enent ref="gnl:axisDirection"/>
</ sequence>
<attribute ref="gm :uom use="required"/>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="axi sI D' type="gm :ldentifierType">
<annot at i on>
<docunent ati on>An identification of a coordinate system axi s.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - oo
<el enent name="axi sAbbrev" type="gmi : CodeType">
<annot at i on>
<docunent ati on>The abbrevi ati on used for this coordinate
system axis. This abbreviation can be used to identify the ordinates in
a coordinate tuple. Exanples are X and Y. The codeSpace attribute can
reference a source of nore information on a set of standardized
abbrevi ations, or on this abbreviation. </docunmentation>
</ annot ati on>
</ el ement >
<' - - sy
<el enent name="axi sDi rection" type="gm : CodeType" >
<annot at i on>
<docunentation>Direction of this coordinate systemaxis (or in
the case of Cartesian projected coordinates, the direction of this
coordi nate systemaxis at the origin). Exanples: north or south, east
or west, up or down. Wthin any set of coordinate system axes, only one
of each pair of terms can be used. For earth-fixed CRSs, this direction
is often approximate and intended to provide a hunan interpretable
meaning to the axis. When a geodetic datumis used, the precise
directions of the axes may therefore vary slightly fromthis
approxi mate direction. Note that an Engi neeri ngCRS can include specific
descriptions of the directions of its coordinate system axes. For
exanpl e, the path of a linear CRS axis can be referenced in another
docunent, such as referencing a GWL feature that references or includes
a curve geonetry. The codeSpace attribute can reference a source of
nore information on a set of standardi zed directions, or on this
direction. </docunentation>
</ annot ati on>
</ el ement >
<' - - e ————————————————————————— ) >
<attribute name="uoni type="anyURl ">
<annot at i on>
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<docunent ati on>ldentifier of the unit of measure used for this
coordi nate system axis. The value of this coordinate in a coordi nate
tupl e shall be recorded using this unit of neasure, whenever those
coordi nates use a coordinate reference systemthat uses a coordi nate
systemthat uses this axis.</docunentation>
</ annot ati on>
</attribute>
<!-- ooy
<el enent name="coor di nat eSyst emAxi sRef "
type="gm : Coor di nat eSyst emAxi sRef Type"
substituti onG oup="gmn :dictionaryEntry"/>
<!-- s
<conpl exType nane="Coor di nat eSyst emAxi sRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a coordi nate system axi s, either
referencing or containing the definition of that axis. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl :DictionaryEntryType">
<sequence>
<el enent ref="gnl: Coordi nat eSyst enAxi s" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s
<!-- oo sy
<el enent nanme="_Coor di nat eSyst enf
type="gm : Abstract Coor di nat eSyst enifype" abstract="true"
substituti onG oup="gm : Definition"/>
<!-- s ———— S
<conpl exType nane="Abstract Coor di nat eSyst enBaseType"
abstract="true">
<annot at i on>
<docunent ati on>Basi ¢ encodi ng for coordi nate system objects,
simplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl:DefinitionType">
<sequence>
<el enent ref="gn : met aDat aPr operty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el ement ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent at i on>Comments on or informati on about
this coordi nate system including data source information
</ docunent ati on>
</ annot ati on>
</ el emrent >
<el enent ref="gnl:csNane"/>
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- oo
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<el enent name="csNane" type="gnm : Si npl eNameType"
substituti onG oup="gnl : nane" >
<annot at i on>
<docunent ati on>The nanme by which this coordinate systemis
identified. </documentation>
</ annot ati on>
</ el emrent >
<| - - ooy
<conpl exType nane="Abstract Coor di nat eSyst eniffype" abstract="true">
<annot at i on>
<docunent ati on>A coordi nate system (CS) is the set of
coordi nate system axes that spans a given coordi nate space. ACSis
derived froma set of (mathematical) rules for specifying how
coordinates in a given space are to be assigned to points. The
coordi nate values in a coordinate tuple shall be recorded in the order
in which the coordinate system axes associ ations are recorded, whenever
t hose coordi nates use a coordinate reference systemthat uses this
coordi nate system This abstract conpl exType 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
t hi s docunent. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eSyst enBaseType" >
<sequence>
<el enent ref="gm :csl D" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<documnent ati on>Set of alternative identifications
of this coordinate system The first csID, if any, is normally the
primary identification code, and any others are ali ases.
</ docunent ati on>
</ annot ati on>
</ el ement >
<el enent ref="gm : usesAxi s" maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Ordered sequence of associations to
t he coordinate system axes included in this coordinate system
</ docunent ati on>
</ annot ati on>
</ el emrent >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<el enent name="csI D' type="gnl:ldentifierType">
<annot at i on>
<docunent ati on>An identification of a coordinate system
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="usesAxi s" type="gm : Coor di nat eSyst emAxi sRef Type"
substituti onG oup="gmnl :dictionaryEntry">
<annot at i on>
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<docunent ati on>Associ ati on to a coordi nate system axi s.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent name="coor di nat eSyst enRef "
t ype="gnl : Coor di nat eSyst enRef Type"/ >
<' - - ooy
<conpl exType nane="Coor di nat eSyst enRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a coordi nate system either
referencing or containing the definition of that coordi nate system
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl:DictionaryEntryType">
<sequence>
<el enent ref="gnl :_Coordi nat eSystent m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - oo
<el enent name="El | i psoi dal CS" type="gmi : El | i psoi dal CSType"
substituti onG oup="gm : _Coordi nat eSystent'/ >
<! - - s
<conpl exType nane="El|i psoi dal CSType" >
<annot at i on>
<docunent ati on>A two- or three-di mensional coordinate system
in which position is specified by geodetic |atitude, geodetic
| ongitude, and (in the three-dinensional case) ellipsoidal height. An
El |l i psoi dal CS shall have two or three usesAxis associations.
</ docunent ati on>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Abstract Coor di nat eSyst enifype"/ >
</ conpl exCont ent >
</ conpl exType>
<' - - ey —p—————————————————————————————————— ) >
<el enent nanme="el | i psoi dal CSRef " type="gm : El | i psoi dal CSRef Type"
substituti onG oup="gnl : coordi nat eSyst enRef "/ >
<! - - s
<conpl exType nane="El | i psoi dal CSRef Type" >
<annot ati on>
<docunent ati on>Associ ati on to an ellipsoidal coordinate
system either referencing or containing the definition of that
coordi nate system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl : Coordi nat eSyst enRef Type" >
<sequence>
<elenent ref="gnm :ElIlipsoidal CS* m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
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<!-- s ——————— S
<el enent name="Cartesi anCS" type="gm : Cartesi anCSType"
substituti onG oup="gm : _Coordi nat eSystent'/ >
<!-- ooy
<conpl exType nane="Cart esi anCSType" >
<annot at i on>
<docunentation>A 1-, 2-, or 3-dinmensional coordinate system
G ves the position of points relative to orthogonal straight axes in
the 2- and 3-di mensi onal cases. In the 1-di nensional case, it contains
a single straight coordinate axis. In the nulti-dinensional case, al
axes shall have the sane length unit of neasure. A CartesianCS shal
have one, two, or three usesAxis associations. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eSyst enilype"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- ooy
<el enent name="cartesi anCSRef" type="gm : Cart esi anCSRef Type"
substituti onG oup="gm : coordi nat eSyst enRef "/ >
<!-- e —————— R
<conpl exType nane="Cart esi anCSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a Cartesian coordi nate system
ei ther referencing or containing the definition of that coordinate
system </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gm : Coor di nat eSyst enRef Type" >
<sequence>
<el enent ref="gnl:Cartesi anCS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s e —————————r— >
<el enent name="Vertical CS" type="gm : Vertical CSType"
substitutionG oup="gm : _Coordi nat eSystent'/ >
<!-- s s ——————————— -->
<conpl exType nanme="Verti cal CSType" >
<annot at i on>
<document ati on>A one-di nensi onal coordinate systemused to
record the heights (or depths) of points. Such a coordinate systemis
usual | y dependent on the Earth's gravity field, perhaps |oosely as when
at nospheric pressure is the basis for the vertical coordinate system
axis. A Vertical CS shall have one usesAxi s associ ation
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gnl : Abstract Coor di nat eSyst enifype"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- s s ———————— -->
<el enent name="vertical CSRef" type="gm : Verti cal CSRef Type"
substituti onG oup="gmn : coordi nat eSyst enRef "/ >
<!-- s —p———————r— >
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<conpl exType nane="Verti cal CSRef Type" >
<annot at i on>
<document ati on>Associ ati on to a vertical coordinate system
either referencing or containing the definition of that coordinate
system </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnm : Coor di nat eSyst enRef Type" >
<sequence>
<el enent ref="gn :Vertical CS* m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm: AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - s ———————
<el enent name="Tenporal CS" type="gnl : Tenpor al CSType"
substitutionG oup="gm : _Coordi nat eSystent'/ >
<| - - oo
<conpl exType nane="Tenpor al CSType" >
<annot at i on>
<docunent ati on>A one-di nensi onal coordi nate system contai ni ng
a single time axis, used to describe the tenporal position of a point
in the specified time units froma specified tinme origin. A Tenporal CS
shal | have one usesAxis association. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eSyst enilype"/ >
</ conpl exCont ent >
</ conpl exType>
<| - - s —————— R
<el enent name="t enpor al CSRef " type="gmi : Tenpor al CSRef Type"
substituti onG oup="gm : coordi nat eSyst enRef "/ >
<| - - sy
<conpl exType nane="Tenpor al CSRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a tenporal coordinate system
either referencing or containing the definition of that coordinate
system </docunentation>
</ annot ati on>
<compl exCont ent >
<restriction base="gnl : Coordi nat eSyst enRef Type" >
<sequence>
<el enent ref="gn : Tenporal CS* m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - e ————————————————————————— ) >
<el enent nanme="Li near CS" type="gm : Li near CSType"
substituti onG oup="gm : _ Coordi nat eSystent'/ >
<! - - s
<conpl exType nane="Li near CSType" >
<annot ati on>
<docunent at i on>A one-di nensi onal coordi nate systemt hat
consists of the points that Iie on the single axis described. The
associ ated ordinate is the distance fromthe specified origin to the

© OGC 2003 — All rights reserved 61



OGC 03-010r9

poi nt along the axis. Exanple: usage of the |ine feature representing a
road to describe points on or along that road. A LinearCS shall have
one usesAxi s association. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gnl : Abstract Coor di nat eSyst enilfype"/ >
</ conpl exCont ent >
</ conpl exType>
<| - - oo sy
<el ement nane="I|i near CSRef" type="gm : Li near CSRef Type"
substituti onG oup="gmn : coordi nat eSyst enRef "/ >
<! - - s
<conpl exType nanme="Li near CSRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a |inear coordi nate system
either referencing or containing the definition of that coordi nate
system </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl : Coor di nat eSyst enRef Type" >
<sequence>
<el enent ref="gn : LinearCS" m nQccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<| - - oo sy
<el enent name="User Defi nedCS" type="gml : User Def i nedCSType"
substitutionG oup="gm : _Coordi nat eSystent'/ >
<| - - s —————— R
<conpl exType nane="User Def i nedCSType" >
<annot at i on>
<docunent ati on>A two- or three-di nensional coordinate system
that consists of any conbi nati on of coordi nate axes not covered by any
ot her coordi nate systemtype. An exanple is a nultilinear coordinate
system whi ch contains one coordinate axis that may have any 1-D shape
whi ch has no intersections with itself. This non-straight axis is
suppl enented by one or two straight axes to conplete a 2 or 3
di nensi onal coordi nate system The non-straight axis is typically
increnentally straight or curved. A UserDefinedCS shall have two or
three usesAxi s associations. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eSyst enifype"/ >
</ conpl exCont ent >
</ conpl exType>
<! - - oo
<el enent name="user Defi nedCSRef " type="gm : User Def i nedCSRef Type"
substituti onG oup="gm : coordi nat eSyst enRef "/ >
<' - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<conpl exType nane="User Def i nedCSRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a user-defined coordinate
system either referencing or containing the definition of that
coordi nate system </docunentation>
</ annot ati on>
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<compl exCont ent >
<restriction base="gnl : Coordi nat eSyst enRef Type" >
<sequence>
<el enent ref="gnl : User Defi nedCS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm: AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s —————————————— -->
<el enent name="Spherical CS" type="gm : Spheri cal CSType"
substituti onG oup="gm : _ Coordi nat eSystent'/ >
<!-- ooy
<conpl exType nane="Spheri cal CSType" >
<annot ati on>
<docunent ati on>A t hree-di nensi onal coordi nate systemw th one
di stance neasured fromthe origin and two angul ar coordi nates. Not to
be confused with an ellipsoidal coordinate system based on an ellipsoid
"degenerated"” into a sphere. A Spherical CS shall have three usesAxis
associ ati ons. </docunentation>
</ annot ati on>
<comnpl exCont ent >

<ext ensi on base="gmnl : Abstract Coor di nat eSyst enilype"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- s ———————————————————————————— > ]
<el enent name="spherical CSRef" type="gm : Spheri cal CSRef Type"
substituti onG oup="gm : coordi nat eSyst enRef "/ >
<!-- s —————————————— -->
<conpl exType nane="Spheri cal CSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a spherical coordi nate system
either referencing or containing the definition of that coordinate
system </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gm : Coor di nat eSyst enRef Type" >
<sequence>
<el enent ref="gnl : Spherical CS" m nQccurs="0"/>
</ sequence>
<attributeGoup ref="gnm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- S S S S . T, T, . T, T, . . . . . . T T . . . S S S S S S S S S S S S -->
<el enent name="Pol ar CS" type="gnl : Pol ar CSType"
substituti onG oup="gm : _Coordi nat eSystent'/ >
<!-- s s ———————— -->
<conpl exType nane="Pol ar CSType" >
<annot at i on>
<docunent ati on>A two-di nensi onal coordi nate systemin which
position is specified by the distance fromthe origin and the angle
between the Iine fromthe origin to a point and a reference direction
A Pol ar CS shall have two usesAxis associations. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eSyst enifype"/ >
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</ conpl exCont ent >
</ conpl exType>
<!-- sy
<el enent name="pol ar CSRef " type="gml : Pol ar CSRef Type"
substituti onG oup="gm : coordi nat eSyst enRef "/ >
<!-- s ——————— R
<conpl exType nanme="Pol ar CSRef Type" >
<annot at i on>
<document ati on>Associ ati on to a pol ar coordi nate system
either referencing or containing the definition of that coordinate
system </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gm : Coor di nat eSyst enRef Type" >
<sequence>
<el enent ref="gm : Pol arCS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s
<el enent name="Cyl i ndrical CS" type="gm : Cylindrical CSType
substituti onG oup="gm : _Coordi nat eSystent'/ >
<!-- s —————————————— -->
<conpl exType nane="Cylindri cal CSType" >
<annot at i on>
<document ati on>A t hree-di nensi onal coordi nate system
consi sting of a polar coordi nate system extended by a straight
coordi nate axis perpendicular to the plane spanned by the pol ar
coordi nate system A Cylindrical CS shall have three usesAxis
associ ati ons. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eSyst enifype"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- sy
<el enent name="cyl i ndrical CSRef " type="gm : Cylindrical CSRef Type"
substituti onG oup="gm : coordi nat eSyst enRef "/ >
<!-- e ——————
<conpl exType nane="Cyl i ndri cal CSRef Type" >
<annot at i on>
<document ati on>Associ ation to a cylindrical coordinate system
either referencing or containing the definition of that coordinate
system </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnm : Coor di nat eSyst enRef Type" >
<sequence>
<el enent ref="gnm :Cylindrical CS* m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s —p———————r— >
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<el enent name="Obl i queCart esi anCS" type="gm : bl i queCart esi anCSType"
substituti onG oup="gm : _ Coordi nat eSystent'/ >
<' - - sy
<conpl exType nane="Cbl i queCart esi anCSType" >
<annot at i on>
<docunentati on>A two- or three-di nensional coordinate system
with strai ght axes that are not necessarily orthogonal. An
ol i queCartesi anCS shall have two or three usesAxis associ ations.
</ docunent ati on>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Abstract Coor di nat eSyst enifype"/ >
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent nanme="obl i queCart esi anCSRef "
type="gmnl : bl i queCart esi anCSRef Type"
substituti onG oup="gm : coordi nat eSyst enRef "/ >
<' - - oo
<conpl exType nane="Cbl i queCart esi anCSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to an oblique-Cartesi an coordi nate
system either referencing or containing the definition of that
coordi nate system </docunentation>
</ annot ati on>
<compl exCont ent >
<restriction base="gnl : Coordi nat eSyst enRef Type" >
<sequence>
<el enent ref="gnl : OoliqueCartesi anCS" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - ey —p—————————————————————————————————— ) >
</ schema>

C.6 XML schema for coordinate operations encoding

<?xm version="1.0" encodi ng="UTF-8""?>
<schemma t ar get Nanespace="http://ww. opengi s. net/gn "
xm ns="http://ww. w3. or g/ 2001/ XM_LSchema"
xm ns: gm ="http://ww. opengi s. net/gm " el emrent For mDef aul t ="qual i fi ed"
version="3.1.0" xm :|ang="en">
<annot at i on>
<appi nfo source="urn: opengi s: specification:gn:schena-
coor di nat eQper ati ons"/ >
<docunent ati on>
<name>coor di nat eCper ati ons. xsd</ nane>
<versi on>3. 1. 0</ ver si on>
<scope>How t o encode coordi nate operation definitions.
</ scope>
<descri pti on>Buil ds on referenceSystens. xsd to encode the data
needed to define coordi nate operations, including Transformations,
Conversions, and other specific subtypes of operations. Prinary editor
Arliss Wiiteside. Last updated 2003/10/16. </description>
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<copyri ght >Copyri ght (c) 2002-2003 Opend@ S, Al Rights
Reserved. </ copyri ght >
<conf ormance>Thi s schema encodes t he Coordi nate Operation
(CC)) package of the extended UML Model for OGC Abstract Specification
Topic 2: Spatial Referencing by Coordinates. That UML nodel is adapted
from|SO 19111 - Spatial referencing by coordi nates, as described in
Annex C of Topic 2. </conformance>
</ docunent ati on>
</ annot ati on>
<!-- s s p———————————

<i ncl ude schemalLocati on="coor di nat eRef er enceSyst ens. xsd"/ >
<i ncl ude schemalLocation="dataQuality.xsd"/>
<!-- s s p———————————

<el enent name="_Coor di nat eQper ati on”
type="gm : Abstract Coor di nat eQper ati onType" abstract="true"
substituti onG oup="gm : Definition"/>
<!-- e —————— R
<conpl exType nanme="Abstract Coor di nat eOper ati onBaseType"
abstract="true">
<annot at i on>
<docunent at i on>Basi ¢ encodi ng for coordinate operation
objects, sinmplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gm :DefinitionType">
<sequence>
<el enent ref="gnl : net aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Comments on or informati on about
this coordi nate operation, including source information.
</ docunent ati on>
</ annot ati on>
</ el ement >
<el enent ref="gnl : coordi nat eQper ati onNane"/ >
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s ———————r— >
<el enent name="coor di nat eOper ati onNane" type="gml : Si npl eNaneType"
substitutionG oup="gmn : nane" >
<annot ati on>
<docunent ati on>The name by which this coordinate operation is
identified. </docunentation>
</ annot ati on>
</ el ement >
<!-- s s ———————— -->
<conpl exType nane="Abstract Coordi nat eCperati onType" abstract="true">
<annot at i on>
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<docunent ati on>A nat hemati cal operati on on coordinates that
transforms or converts coordinates to another coordinate reference
system Many but not all coordinate operations (fromCRS A to CRS B)
al so uniquely define the inverse operation (fromCRS Bto CRS A). In
some cases, the operation nmethod algorithmfor the inverse operation is
the sane as for the forward algorithm but the signs of sone operation
par amet er val ues nmust be reversed. In other cases, different algorithms
are required for the forward and inverse operations, but the same
operation paraneter values are used. If (sone) entirely different
paraneter val ues are needed, a different coordi nate operation shall be
def i ned. </ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eQper ati onBaseType" >
<sequence>
<el enent ref="gnl:coordinateCperationl D' m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<document ati on>Set of alternative identifications
of this coordinate operation. The first coordi nateOperationlD, if any,
is normally the prinmary identification code, and any others are
al i ases. </docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gnl :operationVersion" m nQccurs="0"/>
<el enent ref="gn :validArea" m nCccurs="0"/>
<el enent ref="gnl:scope" m nCccurs="0"/>
<el enent ref="gnml : _positional Accuracy" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Unordered set of estimates of the
i npact of this coordinate operation on point position accuracy. G ves
position error estimates for target coordinates of this coordinate
operation, assumng no errors in source coordi nates. </docunentation>
</ annot ati on>
</ el emrent >
<el enent ref="gn :sourceCRS" m nCccurs="0"/>
<el ement ref="gm :target CRS" mi nCccurs="0"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="coor di nat eCperati onl D' type="gm :IdentifierType">
<annot ati on>
<docunentation>An identification of a coordinate operation
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - e ————————————————————————— ) >
<el ement nane="operationVersi on" type="string">
<annot at i on>
<documnent ati on>Versi on of the coordinate transformation (i.e.
instantiation due to the stochastic nature of the paraneters).
Mandat ory when describing a transformation, and should not be supplied
for a conversion. </docunentation>
</ annot ati on>
</ el ement >
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<!-- s ——————— S
<el enent nanme="sour ceCRS" type="gm : CRSRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to the source CRS (coordinate
reference systen) of this coordinate operation. </docunmentation>
</ annot ati on>
</ el enent >
<!-- ooy
<el ement nane="t arget CRS" type="gml : CRSRef Type" >
<annot at i on>
<docunent ati on>Associ ation to the target CRS (coordinate
reference systen) of this coordinate operation. For constraints on
multiplicity of "sourceCRS' and "target CRS', see UML nodel of
Coordi nate Operation package in OGC Abstract Specification topic 2.
</ docunent ati on>
</ annot ati on>
</ el enent >
<!-- ooy
<el enent name="coor di nat eOper ati onRef"
type="gm : Coor di nat eQper ati onRef Type"
substituti onG oup="gmn :dictionaryEntry"/>
<!-- s
<conpl exType nane="Coor di nat eOper ati onRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a coordi nate operation, either
referencing or containing the definition of that coordinate operation
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gm :DictionaryEntryType">
<sequence>
<el enent ref="gnl: Coordi nateQperation" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- sy
<el enent name="Concat enat edOper ati on"
type="gm : Concat enat edQper ati onType"
substituti onG oup="gm : _ Coordi nat eCperation"/>
<!-- s e —————————r— >
<conpl exType nane="Concat enat edQper ati onType" >
<annot at i on>
<docunent ati on>An ordered sequence of two or nore single
coordi nate operations. The sequence of operations is constrained by the
requi renent that the source coordi nate reference systemof step (n+l)
must be the sanme as the target coordinate reference systemof step (n).
The source coordi nate reference systemof the first step and the target
coordi nate reference systemof the last step are the source and target
coordi nate reference system associ ated with the concatenated operation
Instead of a forward operation, an inverse operation nmay be used for
one or nore of the operation steps nentioned above, if the inverse
operation is uniquely defined by the forward operation. </ docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Abstract Coordi nat eQper ati onType" >
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<sequence>
<el enent ref="gnl : usesSi ngl eCperati on" m nCccurs="2"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Or dered sequence of associations to
the two or nore single operations used by this concatenated operation
</ docunent at i on>
</ annot ati on>
</ el ement >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - ooy
<el ement nane="usesSi ngl eCper ati on”
type="gmn : Si ngl eOper ati onRef Type" >
<annot at i on>
<document ati on>Associ ati on to a single operation
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<el enent nanme="concat enat edOper ati onRef "
type="gm : Concat enat edQper at i onRef Type"
substituti onG oup="gm : coordi nat eQper ati onRef"/ >
<| - - s ———————
<conpl exType nanme="Concat enat edQper at i onRef Type" >
<annot at i on>
<documnent ati on>Associ ati on to a concatenated operation, either
referencing or containing the definition of that concatenated
operation. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: Coordi nat eQper at i onRef Type" >
<sequence>
<el enent ref="gnl : Concat enat edOperati on" m nQccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s e —————————r— >
<el enent name="_Si ngl eOper ati on"
type="gm : Abstract Si ngl eOperati onType" abstract="true"
substituti onG oup="gm :_Coordi nat eCperation"/>
<! - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<conpl exType nane="Abstract Si ngl eOper ati onType" abstract="true">
<annot at i on>
<docunent ati on>A singl e (not concatenated) coordi nate
operation. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Coor di nat eQper ati onType"/ >
</ conpl exCont ent >
</ conpl exType>
<' - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<el enent name="si ngl eQperati onRef" type="gm : Si ngl eCper ati onRef Type"
substituti onG oup="gm : coordi nat eOper ati onRef "/ >
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<!-- et
<conpl exType nanme="Si ngl eQper at i onRef Type" >
<annot at i on>
<documnent ati on>Associ ati on to a single operation, either
referencing or containing the definition of that single operation
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: Coordi nat eQper at i onRef Type" >

<sequence>
<el enent ref="gnm :_ Singl eCperation" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- ooy
<el enent name="PassThr oughQper ati on”
type="gm : PassThr oughQper ati onType"
substituti onG oup="gm : _Singl eCperation"/>
<!-- s
<conpl exType nane="PassThr oughOper ati onType" >
<annot at i on>
<docunent ati on>A pass-through operation specifies that a
subset of a coordinate tuple is subject to a specific coordinate
operation. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Si ngl eOper ati onType" >
<sequence>
<el enent ref="gnl : nodi fi edCoor di nat e"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Or der ed sequence of positive
i ntegers defining the positions in a coordinate tuple of the
coordi nates affected by this pass-through operation. </docunentation>
</ annot ati on>
</ el ement >
<el ement ref="gm :usesCperation"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- s s ———————— -->
<el enent name="nodi fi edCoor di nate" type="positivelnteger">
<annot at i on>
<documnent ati on>A positive integer defining a position in a
coordi nate tuple. </docunentation>
</ annot ati on>
</ el emrent >
<!-- sy ——————r— S
<el enent name="usesOperation" type="gm : Operati onRef Type" >
<annot at i on>
<docunent at i on>Associ ation to the operation applied to the
speci fied ordi nates. </docunentation>
</ annot ati on>
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</ el emrent >
<!-- s e
<el enent name="passThr oughQper ati onRef"
type="gm : PassThr oughQper at i onRef Type"
substituti onG oup="gm : singl eOperati onRef"/>
<!-- s ——————— R
<conpl exType nane="PassThr oughOper at i onRef Type" >
<annot at i on>
<documnent ati on>Associ ati on to a pass through operation, either
referencing or containing the definition of that pass through
operation. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gm : Si ngl eCper ati onRef Type" >
<sequence>
<el enent ref="gnl : PassThr oughQperati on" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s
<el enent name="_Qperation" type="gm : Abstract Operati onType"
abstract="true" substitutionG oup="gmn :_Singl eCperation"/>
<!-- s —————————————— -->
<conpl exType nane="Abstract Operati onType" abstract="true">
<annot at i on>
<document ati on>A paraneteri zed mat hemati cal operation on
coordi nates that transforns or converts coordi nates to anot her
coordi nate reference system This coordinate operation uses an
operation method, usually with associ ated paraneter val ues. However,
operation nmet hods and paraneter values are directly associated with
concrete subtypes, not with this abstract type.

Thi s abstract conpl exType shall not be directly used, extended, or
restricted in a conpliant Application Schema. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Si ngl eOperati onType"/ >
</ conpl exCont ent >
</ conpl exType>
<!-- s e —————————r— >
<el enent name="operati onRef" type="gmn : Oper ati onRef Type"
substituti onG oup="gm : singl eOperati onRef"/>
<!-- s s ———————— -->
<conpl exType nane="Cper ati onRef Type" >
<annot at i on>
<documnent ati on>Associ ati on to an abstract operation, either
referencing or containing the definition of that operation
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gm : Si ngl eCper ati onRef Type" >
<sequence>
<el enent ref="gnl:_ Operation" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm: AssociationAttributeG oup"/>
</restriction>
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</ conpl exCont ent >
</ conpl exType>
<!-- sy
<!-- ooy
<el enent name="_Cener al Conversi on"
type="gmnl : Abstract Gener al Conver si onType" abstract="true"
substituti onG oup="gm : _ Operation"/>
<!-- ooy
<conpl exType nane="Abstract Gener al Conver si onType" abstract="true">
<annot at i on>
<docunent ati on>An abstract operation on coordi nates that does
not include any change of datum The best-known exanpl e of a coordinate
conversion is a map projection. The paraneters describing coordi nate
conversions are defined rather than enpirically derived. Note that sone
conversions have no paraneters.

This abstract conpl exType is expected to be extended for well-known
operation nmethods with many Conversion instances, in Application
Schenmas that define operation-nethod-specialized el ement nanes and
contents. This conversion uses an operation nmethod, usually with
associ at ed paraneter val ues. However, operation nethods and paraneter
val ues are directly associated with concrete subtypes, not with this
abstract type. All concrete types derived fromthis type shall extend
this type to include a "usesMet hod" el ement that references the
"QOperationMethod" elenment. Sinmilarly, all concrete types derived from
this type shall extend this type to include zero or nore el ements each
naned "uses...Value" that each use the type of an el enent substitutable
for the "_general Paranet er Val ue" el enment. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: Abstract Qperati onType">
<sequence>
<el enent ref="gmn : met aDat aPr operty
maxQccur s="unbounded"/ >
<el ement ref="gm :remarks" nmi nCccurs="0"/>
<el enent ref="gnl : coordi nat eQper at i onNane"/ >
<el enent ref="gnl :coordinateCperationl D' m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gn :validArea” m nCccurs="0"/>
<el enent ref="gnl:scope" m nCccurs="0"/>
<el enent ref="gnl: positional Accuracy" m nCccurs="0"
maxQccur s="unbounded"/ >
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- oo
<el enent name="gener al Conver si onRef"
type="gm : Gener al Conver si onRef Type"
substituti onG oup="gmn : operati onRef"/>
<!-- sy ——————r— S
<conpl exType nane="Cener al Conver si onRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a general conversion, either
referencing or containing the definition of that conversion
</ docunent at i on>

m nCccur s="0"
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</ annot ati on>
<conpl exCont ent >
<restriction base="gm : Operati onRef Type" >
<sequence>
<el ement ref="gm :_General Conversion" mnCccurs="0"/>
</ sequence>
<attributeGoup ref="gnm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s —————— S
<el enent name="Conversi on" type="gnl : Conversi onType"
substituti onG oup="gm :_General Conversion"/>
<!-- ooy
<conpl exType nanme="Conversi onType" >
<annot at i on>
<docunent ati on>A concrete operation on coordi nates that does
not include any change of Datum The best-known exanple of a coordinate
conversion is a map projection. The paraneters describing coordi nate
conversions are defined rather than enpirically derived. Note that sone
conversions have no paraneters.

Thi s concrete conpl exType can be used with all operation mnethods,
wi t hout using an Application Schema that defines operation-nethod-
speci al i zed el ement nanes and contents, especially for methods with
only one Conversion instance. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Conver si onType" >
<sequence>
<el enent ref="gn : usesMet hod"/ >
<el enent ref="gn : usesVal ue" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Unordered |ist of conposition
associations to the set of paraneter val ues used by this conversion
operation. </docunentation>
</ annot ati on>
</ el ement >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >

</ conpl exType>
<!-- s s ———————— -->
<el enent name="usesMet hod" type="gmnl : Qperati onMet hodRef Type" >
<annot at i on>
<document ati on>Associ ati on to the operati on nethod used by
this coordi nate operation. </docunentation>
</ annot ati on>
</ el emrent >
<!-- sy ——————r— S
<el enent name="usesVal ue" type="gnl: Par anet er Val ueType" >
<annot at i on>
<docunent at i on>Conposi ti on associ ation to a paraneter val ue
used by this coordinate operation. </docunentation>
</ annot ati on>
</ el ement >
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<' - - s ——————— S
<el enent name="conversi onRef" type="gm : Conversi onRef Type"
substituti onG oup="gm : gener al Conver si onRef "/ >
<| - - ooy
<conpl exType nane="Conver si onRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a concrete general - purpose
conversion, either referencing or containing the definition of that
conversi on. </docunentation>
</ annot ati on>
<compl exCont ent >
<restriction base="gnl : General Conver si onRef Type" >
<sequence>
<el enent ref="gnl : Conversion" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent nanme="_Ceneral Transformati on"
type="gmnl : Abstract General Transformati onType" abstract="true"
substituti onG oup="gm :_Operation"/>
<| - - oo
<conpl exType nane="Abstract Gener al Transf ormati onType"
abstract="true">
<annot at i on>
<document ati on>An abstract operation on coordi nates that
usual Iy includes a change of Datum The paraneters of a coordinate
transformation are enpirically derived fromdata containing the
coordi nates of a series of points in both coordinate reference systens.
This conputational process is usually "over-detern ned", allow ng
derivation of error (or accuracy) estimates for the transformation.
Al so, the stochastic nature of the paraneters may result in nmultiple
(different) versions of the sanme coordinate transfornmation

This abstract conpl exType is expected to be extended for well-known
operation nmethods with many Transformation instances, in Application
Schemas that define operation-nethod-specialized val ue el ement nanes
and contents. This transformation uses an operation nmethod with
associ at ed paraneter val ues. However, operation nethods and paraneter
val ues are directly associated with concrete subtypes, not with this
abstract type. Al concrete types derived fromthis type shall extend
this type to include a "usesMet hod" el ement that references one
"QOperationMethod" elenment. Sinmilarly, all concrete types derived from
this type shall extend this type to include one or nore el enents each
naned "uses...Value" that each use the type of an elenent substitutable
for the "_general Paranet er Val ue" el enment. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Abstract Qperati onType">
<sequence>
<el enent ref="gnl : met aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gm :remarks" m nCccurs="0"/>
<el ement ref="gm : coordi nat eOper ati onNane"/ >
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<el enent ref="gnl :coordinateCperationl D' m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gnl : operationVersion"/>
<el enent ref="gn :validArea” m nCccurs="0"/>
<el enent ref="gnl:scope" m nCccurs="0"/>
<el enent ref="gn: positional Accuracy" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gn : sourceCRS"/ >
<el enent ref="gnl :target CRS"/ >
</ sequence>
<attribute ref="gm:id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent nane="gener al Tr ansf or mati onRef "
type="gmnl : Gener al Transf or mat i onRef Type"
substituti onG oup="gm : operati onRef"/>
<| - - oo
<conpl exType nane="Cener al Tr ansf or mat i onRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a general transformation, either
referencing or containing the definition of that transformation
</ docunent ati on>
</ annot ati on>
<compl exCont ent >
<restriction base="gnm : Operati onRef Type" >
<sequence>
<el enent ref="gm :_GCeneral Transformation”
m nCccurs="0"/ >
</ sequence>
<attributeGoup ref="gnm: AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<| - - s ——————— R
<el enent name="Transformati on" type="gm : Transfornati onType"
substituti onG oup="gm : _Ceneral Transformation"/>
<| - - s s
<conpl exType nane="Transformati onType" >
<annot at i on>
<docunent ati on>A concrete operation on coordi nates that
usual Iy includes a change of datum The paraneters of a coordinate
transformation are enpirically derived fromdata containing the
coordi nates of a series of points in both coordinate reference systens.
This conmputational process is usually "over-deterni ned", allow ng
derivation of error (or accuracy) estinates for the transfornmation.
Al so, the stochastic nature of the paraneters may result in nultiple
(different) versions of the sanme coordinate transfornmation

This concrete conpl exType can be used for all operation nethods,
wi t hout using an Application Schema that defines operation-nethod-
speci al i zed el ement nanes and contents, especially for methods with
only one Transformati on i nstance. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Abstract General Transfornmati onType" >
<sequence>
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<el enent ref="gm : usesMet hod"/ >
<el enent ref="gnl : usesVval ue" m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>

<docunent ati on>Unor dered set of conposition
associations to the set of parameter values used by this transformation
operation. </docunentation>
</ annot ati on>
</ el ement >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent name="transformati onRef" type="gnl: Transformati onRef Type"
substituti onG oup="gmn : general Transfornmati onRef"/ >
<' - - ooy
<conpl exType nanme="Tr ansf or mat i onRef Type" >
<annot at i on>
<docunent at i on>Associ ation to a transformation, either
referencing or containing the definition of that transformation.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl : General Tr ansf or mati onRef Type" >
<sequence>
<el enent ref="gm : Transformation" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - sy
<' - - ey —p—————————————————————————————————— ) >
<el enent name="_gener al Par anet er Val ue"
type="gnl : Abstract Gener al Par anet er Val ueType" abstract="true"/>
<' - - sy
<conpl exType nane="Abstract Gener al Par anet er Val ueType"
abstract="true">
<annot at i on>
<docunent ati on>Abstract paraneter val ue or group of paraneter
val ues.

Thi s abstract conpl exType is expected to be extended and restricted for
wel | - known operation nethods with nany instances, in Application
Schenas that define operation-nethod-specialized el enent nanes and
contents. Specific paranmeter value elenents are directly contained in
concrete subtypes, not in this abstract type. Al concrete types
derived fromthis type shall extend this type to include one "...Value"
elenent with an appropriate type, which should be one of the el ement
types allowed in the ParaneterVal ueType. In addition, all derived
concrete types shall extend this type to include a "val ueO Paraneter"
el enent that references one el enent substitutable for the
"QperationParaneter" elenment. </docunentation>

</ annot ati on>

<sequence/ >
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</ conpl exType>
<! - - s e
<el enent name="par anet er Val ue" type="gm : Par anet er Val ueType"
substituti onG oup="gm : _gener al Par anet er Val ue"/ >
<' - - s —————————————————————————— ) >
<conpl exType nane="Par anet er Val ueType" >
<annot at i on>
<documnent ati on>A paranet er val ue, ordered sequence of val ues,
or reference to a file of paraneter values. This concrete conpl exType
can be used for operation nethods wi thout using an Application Schema
t hat defi nes operation-nethod-specialized el enent names and contents,
especially for nethods with only one instance. This conpl exType can be
used, extended, or restricted for well-known operation nethods,
especially for nethods with many instances. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<choi ce>
<el ement ref="gnm :val ue"/>
<el enent ref="gnl :dmsAngl eVal ue"/ >
<el enent ref="gnl :stringVal ue"/>
<el enent ref="gnl :integerVval ue"/>
<el enent ref="gnl : bool eanVval ue"/ >
<el ement ref="gm :val ueList"/>
<el enent ref="gm :integerVal ueList"/>
<el enent ref="gm :val ueFile"/>
</ choi ce>
<el enent ref="gm :val ueOX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - sy
<el enent name="val ue" type="gmnl : MeasureType">
<annot at i on>
<docunent ati on>Nuneri c val ue of an operation paraneter, with
its associated unit of neasure. </docunentation>
</ annot ati on>
</ el enent >
<| - - e ——————
<el enent name="dnsAngl eVal ue" type="gnl : DMSAngl eType" >
<annot at i on>
<docunent ati on>Val ue of an angl e operati on paraneter, in
ei ther degree-m nute-second format or single value format.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - e ————————————————————————— ) >
<el ement nane="stringVal ue" type="string">
<annot at i on>
<docunentation>String val ue of an operation paranmeter. A
string val ue does not have an associated unit of measure.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s —p———————r— >
<el enent name="i nt eger Val ue" type="positivelnteger">
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<annot at i on>
<docunent ati on>Positive integer value of an operation
parameter, usually used for a count. An integer val ue does not have an
associ ated unit of measure. </docunentation>
</ annot ati on>
</ el emrent >
<! - - s
<el ement nane="bool eanVal ue" type="bool ean">
<annot at i on>
<docunent at i on>Bool ean val ue of an operation paranmeter. A
Bool ean val ue does not have an associated unit of measure.
</ docunent at i on>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent nanme="val ueLi st" type="gnm : Measur elLi st Type" >
<annot at i on>
<docunent ati on>Or dered sequence of two or nore nuneric val ues
of an operation paraneter |ist, where each value has the sane
associ ated unit of measure. An elenment of this type contains a space-
separ at ed sequence of doubl e val ues. </docunentation>
</ annot ati on>
</ el ement >
<| - - oo
<el enent name="i nt eger Val ueLi st" type="gm :integerlList">
<annot at i on>
<docunent ati on>Ordered sequence of two or nore integer val ues
of an operation paraneter list, usually used for counts. These integer
val ues do not have an associated unit of measure. An elenment of this
type contains a space-separated sequence of integer val ues.
</ docunent ati on>
</ annot ati on>
</ el ement >
<| - - sy
<el ement nane="val ueFil e" type="anyURl ">
<annot at i on>
<docunent ati on>Reference to a file or a part of a file
cont ai ni ng one or nore paraneter values, each nuneric value with its
associ ated unit of measure. Wen referencing a part of a file, that
file nust contain nultiple identified parts, such as an XM. encoded
docunent. Furthernore, the referenced file or part of a file can
ref erence another part of the sane or different files, as allowed in
XML docunents. </docunentation>
</ annot ati on>
</ el ement >
<! - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<el ement nane="val ue Par anet er "
type="gm : Oper ati onPar anet er Ref Type" >
<annot at i on>
<docunent ati on>Associ ation to the operati on paraneter that
this is a value of. </docunentation>
</ annot ati on>
</ el ement >
<' - - e ————————————————————————— ) >
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<el enent nane="par anet er Val ueG oup"
type="gnl : Par anet er Val ueG oupType"
substituti onG oup="gm : _gener al Par anet er Val ue"/ >
<| - - ooy
<conpl exType nane="Par anet er Val ueG oupType" >
<annot at i on>
<docunent ati on>A group of related paraneter values. The sane
group can be repeated nore than once in a Conversion, Transformation
or higher |evel paraneterValueGoup, if those instances contain
di fferent values of one or nore paraneterVal ues which suitably
di stinqui sh anong those groups. This concrete conpl exType can be used
for operation nethods wi thout using an Application Schema that defines
oper ati on- met hod- speci al i zed el ement names and contents, especially for
met hods with only one instance. This conpl exType can be used, extended,
or restricted for well-known operation nmethods, especially for methods
wi th many instances. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="gnl :includesVal ue" m nCccurs="2"
maxQccur s="unbounded" >
<annot at i on>
<document ati on>Unor dered set of conposition
associations to the paraneter values and groups of values included in
this group. </docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gnl :val uest G oup"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - sy
<el ement nane="i ncl udesVal ue"
type="gmnl : Abstract Gener al Par anet er Val ueType"
substituti onG oup="gmn : _general Par anet er Val ue" >
<annot at i on>
<documnent ati on>A conposition association to a paraneter val ue
or group of values included in this group. </documentation>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="val uesOf G oup”
type="gm : Oper ati onPar anet er G oupRef Type" >
<annot at i on>
<docunent ati on>Associ ation to the operation paranmeter group
for which this el ement provides paraneter val ues. </docunentation>
</ annot ati on>
</ el ement >
<I--
<l--
<el enent name="Qper ati onMet hod" type="gm : Operati onMet hodType"
substituti onG oup="gm : Definition"/>
<' - - e ————————————————————————— ) >
<conpl exType nane="Cperati onMet hodBaseType" abstract="true">
<annot at i on>
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<docunent ati on>Basi ¢ encodi ng for operation nethod objects,
simplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl:DefinitionType">
<sequence>
<el enent ref="gn : met aDat aPr operty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el ement ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Comments on or infornmati on about
this operation method, including source information.</docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gnl : met hodNane"/ >
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<el enent name="net hodNane" type="gm : Si npl eNanmeType"
substituti onG oup="gmn : nane" >
<annot at i on>
<docunent ati on>The nanme by which this operation nmethod is
identified. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<conpl exType nane="Cperati onMet hodType" >
<annot at i on>
<documnent ati on>Definition of an algorithmused to performa
coordi nate operation. Mst operation methods use a number of operation
paranmeters, although sone coordi nate conversions use none. Each
coordi nate operation using the nmethod assigns values to these
par aneters. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmn : Oper ati onMet hodBaseType" >
<sequence>
<el enent ref="gm : net hodl D' m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Set of alternative identifications
of this operation nmethod. The first nmethodl D, if any, is nornmally the
primary identification code, and any others are ali ases.
</ docunent ati on>
</ annot ati on>
</ el ement >
<el enent ref="gnl : met hodFormul a"/ >
<el enent ref="gn : sourcebi nensi ons"/ >
<el enent ref="gnl :target D mensions"/>
<el enent ref="gnl :usesParaneter" m nCccurs="0"
maxQccur s="unbounded" >
<annot ati on>
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<docunent ati on>Unordered |ist of associations to
the set of operation paraneters and paraneter groups used by this
operation nethod. </docunentation>
</ annot ati on>
</ el ement >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent name="net hodl D' type="gm :IdentifierType">
<annot at i on>
<docunent ati on>An identification of an operation nethod.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="net hodFor mul a" type="gm : CodeType" >
<annot at i on>
<docunent ati on>Formul a(s) used by this operation nethod. The
value may be a reference to a publication. Note that the operation
nmet hod may not be analytic, in which case this elenent references or
contai ns the procedure, not an analytic fornul a.</docunentation>
</ annot ati on>
</ el ement >
<| - - s ———————
<el enent name="sour ceDi nmensi ons" type="positivel nteger">
<annot at i on>
<docunent ati on>Nunber of dimensions in the source CRS of this
operation nethod. </docunentation>
</ annot ati on>
</ el emrent >
<| - - sy
<el enent name="t ar get Di mensi ons" type="positivel nteger">
<annot at i on>
<docunent ati on>Nunber of dinmensions in the target CRS of this
operation nethod. </docunentation>
</ annot ati on>
</ el ement >
<' - - ey —p—————————————————————————————————— ) >
<el ement nane="usesParaneter"
type="gnl : Abstract Gener al Qper at i onPar anet er Ref Type" >
<annot at i on>
<document ati on>Associ ati on to an operati on paraneter or
parameter group used by this operation nethod. </docunentation>
</ annot ati on>
</ el emrent >
<! - - oo
<el enent name="operati onMet hodRef " type="gm : Oper ati onMet hodRef Type"
substituti onG oup="gmn :dictionaryEntry"/>
<' - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<conpl exType nanme="per ati onMet hodRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a concrete general - purpose
operation nethod, either referencing or containing the definition of
t hat nmethod. </docunentation>
</ annot ati on>
<conpl exCont ent >
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<restriction base="gnl:DictionaryEntryType">
<sequence>
<el enent ref="gm : Qperati onMet hod" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<| - - oo sy
<' - - s —————————————————————————— ) >
<el enent name="_Cener al Qper at i onPar anet er "
type="gnl : Abstract Gener al Qper at i onPar anet er Type" abstract="true"
substituti onG oup="gm : Definition"/>
<| - - ooy
<conpl exType nane="Abstract Gener al Qper ati onPar anet er Type"
abstract="true">
<annot at i on>
<documnent ati on>Abstract definition of a parameter or group of
paranmeters used by an operation method. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : DefinitionType">
<sequence>
<el enent ref="gm : m ni mumCccurs” m nCccurs="0"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - ooy
<el ement nane="m ni nunOccurs" type="nonNegati vel nt eger">
<annot at i on>
<docunent ati on>The m ni num nunber of tines that val ues for
this paraneter group or paranmeter are required. If this attribute is
om tted, the m ni num nunber is one. </docunentation>
</ annot ati on>
</ el emrent >
<! - - s e —————————r— >
<el enent name="abst ract Gener al Oper ati onPar anet er Ref "
type="gm : Abstract Gener al Qper at i onPar anet er Ref Type"
substituti onG oup="gm :dictionaryEntry"/>
<| - - e ——————
<conpl exType nane="Abstract Gener al Qper at i onPar anet er Ref Type" >
<annot at i on>
<docunent ati on>Associ ati on to an operati on paraneter or group
either referencing or containing the definition of that paraneter or
group. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl:DictionaryEntryType">
<sequence>
<el enent ref="gnm : GCeneral QperationParaneter"
m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
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<!-- s ——————— S
<el enent name="Qper ati onParaneter" type="gm : Operati onPar anet er Type"
substituti onG oup="gm :_General Operati onParaneter"/>
<!-- ooy
<conpl exType nane="Cper ati onPar anet er BaseType" abstract="true">
<annot at i on>
<docunent ati on>Basi ¢ encodi ng for operation paraneter objects,
simplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<compl exCont ent >
<restriction base="gnl: Abstract Gener al Oper ati onPar anet er Type" >
<sequence>
<el enent ref="gmn : met aDat aPr operty
maxQccur s="unbounded"/ >
<el enent ref="gn :renmarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Conments on or information about
this operation paraneter, including source information
</ docunent ati on>

m nCccur s="0"

</ annot ati on>
</ el enent >
<el enent ref="gnl : par anet er Name"/ >
<el enent ref="gm : m ni mumCccurs” m nCccurs="0"/>
</ sequence>
<attribute ref="gm:id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<!-- s —————————————— -->
<el enent name="par anet er Nane" type="gm : Si npl eNaneType"
substitutionG oup="gn : nane" >
<annot at i on>
<documnent ati on>The name by which this operation paranmeter is
identified. </documentation>
</ annot ati on>
</ el enent >
<!-- sy
<conpl exType nane="Cper ati onPar anet er Type" >
<annot at i on>
<docunent ati on>The definition of a paraneter used by an
operation nmethod. Most paraneter values are nuneric, but other types of
par amet er val ues are possible. This conpl exType is expected to be used
or extended for all operation nethods, wthout defining operation-
net hod- speci al i zed el ement nanmes. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gm : Oper ati onPar anet er BaseType" >
<sequence>
<el enent ref="gnl:paraneterI D' mnmi nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<document ati on>Set of alternative identifications
of this operation paraneter. The first paraneterlD, if any, is nornally
the primary identification code, and any others are aliases.
</ docunent ati on>
</ annot ati on>
</ el ement >
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</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent name="paraneter| D' type="gm:IldentifierType">
<annot at i on>
<documnent ati on>An identification of an operation paraneter
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="oper ati onPar anet er Ref "
type="gm : Oper ati onPar anet er Ref Type"/ >
<' - - s —————————————————————————— ) >
<conpl exType nane="Qper ati onPar anet er Ref Type" >
<annot at i on>
<document ati on>Associ ati on to an operati on paramneter, either
referencing or containing the definition of that paraneter
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction
base="gm : Abst r act Gener al Oper at i onPar anet er Ref Type" >
<sequence>
<el enent ref="gnl : QperationParanmeter"” m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm :AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s ———— S
<el enent name="Qper at i onPar anet er G oup”
type="gm : Oper ati onPar anet er G oupType"
substituti onG oup="gm :_General OperationParaneter"/>
<| - - s ——————— R
<conpl exType nane="Qper ati onPar anet er G oupBaseType" abstract="true">
<annot at i on>
<docunent ati on>Basi ¢ encodi ng for operation parameter group
objects, sinmplifying and restricting the DefinitionType as needed.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: Abstract Gener al Oper ati onPar anet er Type" >
<sequence>
<el enent ref="gnl : nmet aDat aProperty" m nCccurs="0"
maxQccur s="unbounded"/ >
<el enent ref="gm :remarks" m nCccurs="0">
<annot at i on>
<docunent ati on>Conments on or infornmati on about
this operation paraneter group, including source information.
</ docunent at i on>
</ annot ati on>
</ el ement >
<el enent ref="gn : groupNane"/ >
<el enent ref="gm : m ni munOCccurs" m nCccurs="0"/>
</ sequence>
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<attribute ref="gm:id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el enent name="groupNane" type="gnl: Si npl eNameType"
substitutionG oup="gn : nane" >
<annot at i on>
<documnent ati on>The name by which this operation paraneter
group is identified. </docunentation>
</ annot ati on>
</ el emrent >
<| - - ooy
<conpl exType nane="Cper ati onPar anet er G oupType" >
<annot ati on>
<docunent ati on>The definition of a group of paraneters used by
an operation nethod. This conpl exType is expected to be used or
extended for all applicable operation nethods, wthout defining
oper ati on- met hod- speci al i zed el ement names. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gnl : Oper ati onPar anet er G oupBaseType" >
<sequence>
<el enent ref="gnm :groupl D' m nCccurs="0"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Set of alternative identifications
of this operation paraneter group. The first grouplD, if any, is
normally the primary identification code, and any others are aliases.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<el enent ref="gm : maxi munOccurs” m nCccurs="0"/>
<el enent ref="gm :includesParaneter” m nCccurs="2"
maxQccur s="unbounded" >
<annot at i on>
<docunent ati on>Unordered |ist of associations to
the set of operation parameters that are menbers of this group
</ docunent ati on>
</ annot ati on>
</ el emrent >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<el enent name="groupl D' type="gnl :ldentifierType">
<annot at i on>
<docunent ati on>An identification of an operation paraneter
group. </docunentation>
</ annot ati on>
</ el emrent >
<! - - s
<el ement nane="nmaxi nunCccurs" type="positivel nteger">
<annot ati on>
<docunent at i on>The naxi num nunber of tines that val ues for
this paraneter group can be included. If this attribute is omtted, the
maxi mum nunber is one. </docunentation>
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</ annot ati on>
</ el emrent >
<| - - sy
<el enent name="i ncl udesPar anet er "
type="gm : Abstract Gener al Qper at i onPar anet er Ref Type" >
<annot at i on>
<docunent ati on>Associ ation to an operation paraneter that is a
nenber of a group. </docunentation>
</ annot ati on>
</ el emrent >
<' - - s —————— S
<el enent name="oper ati onPar anet er G oupRef "
type="gm : Oper ati onPar anet er Ref Type"/ >
<| - - ooy
<conpl exType nane="Cper ati onPar anet er G oupRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to an operation paraneter, either
referencing or containing the definition of that paraneter
</ docunent ati on>
</ annot ati on>
<compl exCont ent >
<restriction
base="gm : Abst r act Gener al Oper at i onPar anet er Ref Type" >
<sequence>
<el enent ref="gn : Operati onPar anet er G oup"
m nCccur s="0"/>
</ sequence>
<attributeGoup ref="gm :AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s ———— S
</ schema>

C.7 XML schema for data quality encoding

<?xm version="1.0" encodi ng="UTF-8"7?>
<l-- edited with XM_ Spy v4.4 U (http://ww. xm spy.com} by Arliss J
Wi t esi de (BAE Systens) -->
<schemma t ar get Nanespace="http://ww. opengi s. net/gn "
xm ns: gm ="http://ww. opengis.net/gn"
xm ns="http://ww. w3. or g/ 2001/ XM_.Schema" el enent For nDef aul t ="qual i fi ed"
version="3.1.0" xm :lang="en">
<annot ati on>
<appi nfo source="urn: opengi s: specification: g :schena-
dataQuality"/>
<docunent ati on>
<nane>dat aQual i ty. xsd</ nanme>
<versi on>3. 1. 0</ ver si on>
<scope>How to encode positional data quality information.
</ scope>
<description>Builds on units.xsd to encode the data needed to
descri be the positional accuracy of coordinate operations. Prinmary
editor: Arliss Witeside. Last updated 2003/ 10/16. </description>
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<copyri ght >Copyri ght (c) 2002-2003 Opend@ S, Al Rights
Reserved. </ copyri ght >

<conf ormance>Thi s schema encodes the Data Quality (DQ package
of the extended UML Mbdel for OGC Abstract Specification Topic 2:
Spatial Referencing by Coordinates. That UML nodel is adapted from | SO
19111 - Spatial referencing by coordinates, as described in Annex C of
Topic 2. </confornance>

</ docunent ati on>
</ annot ati on>

<!-- s s p———————————
i ncl udes and i nports

s e

<i ncl ude schemalLocation="units.xsd"/>

<!-- o e e —————————————————————————————
el ements and types

s ———————— S

<el enent name="_positional Accuracy"
type="gm : Abstract Positi onal AccuracyType" abstract="true"/>
<!-- oo
<conpl exType nane="Abstract Positional AccuracyType" abstract="true">
<annot at i on>
<docunent ati on>Position error estinmate (or accuracy) data.
</ docunent ati on>
</ annot ati on>
<sequence>
<el enent ref="gnl : measureDescription" m nCccurs="0"/>
</ sequence>
</ conpl exType>
<!-- ooy
<el enent nanme="neasureDescri ption" type="gm : CodeType" >
<annot at i on>
<docunent ati on>A description of the position accuracy
par ameter (s) provided. </docunentation>
</ annot ati on>

</ el enent >
<!-- S S S S S - - . - . . . - . - . . . . . . . . . . S . S S S S -->

<el enent name="absol ut eExt er nal Posi ti onal Accur acy"
t ype="gm : Absol ut eExt er nal Posi ti onal Accur acyType"
substituti onG oup="gm : positional Accuracy"/>
<!-- e ——————
<conpl exType nane="Absol ut eExt er nal Posi ti onal AccuracyType" >
<annot at i on>
<docunent ati on>Cl oseness of reported coordi nate values to
val ues accepted as or being true. </docunentation>
</ annot ati on>
<compl exCont ent >
<ext ensi on base="gmnl : Abstract Positi onal AccuracyType" >
<sequence>
<elenent ref="gm :result"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- s s ———————— -->
<el enent nanme="rel ati vel nt ernal Posi ti onal Accuracy"
type="gnl : Rel ati vel nt ernal Posi ti onal AccuracyType"
substituti onG oup="gm : _positional Accuracy"/>
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<' - - s ——————— S
<conpl exType nane="Rel ati vel nt ernal Positional AccuracyType">
<annot at i on>
<document ati on>Cl oseness of the relative positions of two or
nore positions to their respective relative positions accepted as or
bei ng true. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Positi onal AccuracyType" >
<sequence>
<elenent ref="gm :result"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s ———————
<el enent name="result" type="gm : MeasureType" >
<annot at i on>
<document ati on>A quantitative result defined by the eval uation
procedure used, and identified by the measureDescription
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - oo
<el enent name="covari anceMatri x" type="gm : Covari anceMatri xType"
substituti onG oup="gm : positional Accuracy"/>
<! - - s
<conpl exType nane="Covari anceMatri xType" >
<annot at i on>
<docunent ati on>Error estinate covariance matri X.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Positi onal AccuracyType">
<sequence>
<el enent ref="gnl :unitCO Measure" nmaxCccurs="unbounded" >
<annot at i on>
<document ati on>Or der ed sequence of units of
nmeasure, corresponding to the row and col umm i ndex nunbers of the
covariance matrix, starting with row and colum 1 and ending with
row columm N. Each unit of neasure is for the ordinate reflected in the
rel evant row and colum of the covariance matrix. </docunentation>
</ annot ati on>
</ el ement >
<el enent ref="gnl :incl udesEl ement"
maxQccur s="unbounded" >
<annot at i on>
<document ati on>Unordered set of elenents in this
covariance nmatrix. Because the covariance matrix is symetrical, only
the elements in the upper or |ower diagonal part (including the main
di agonal) of the matrix need to be specified. Any zero val ued
covariance el enents can be omtted. </docunentation>
</ annot ati on>
</ el ement >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
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</ conpl exType>

<!-- s —q———————————————————————————— > ]
<el enent name="i ncl udesEl ement” type="gmi : Covari anceEl ement Type"/ >
<!-- s> ]

<conpl exType nane="Covari anceEl enent Type" >
<annot ati on>
<docunent ati on>An el enrent of a covari ance
mat ri x. </ docunent ati on>
</ annot ati on>
<sequence>
<el enent ref="gm :row ndex"/>
<el enent ref="gnl : col uml ndex"/ >
<el enent ref="gnl :covariance"/>
</ sequence>
</ conpl exType>
<!-- S S S S S - - - - . . - - . - . - - . . . . . . . . . . -->
<el enent name="r ow ndex" type="positivelnteger">
<annot at i on>
<docunent ati on>Row nunber of this covari ance el enent val ue.
</ documnent ati on>
</ annot ati on>
</ el enent >
<!-- s ——————————————————————————————————————— -->
<el enent name="col uml ndex" type="positivel nteger">
<annot ati on>
<docunent ati on>Col uim nunber of this covariance el enent val ue
</ document ati on>
</ annot ati on>
</ el enent >
<!-- e ———————— -->
<el enent nanme="covari ance" type="doubl e">
<annot at i on>
<docunent ati on>Val ue of covariance matri x el ement.
</ document ati on>
</ annot ati on>
</ el enent >
<!-- oo oo oo oo - >
</ schema>
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Annex D
(informative)

Standard contents of code lists

D.1 Introduction

The XML Schemas specified in this document do not include definitions of the allowed
values of the XML elements that encode the <<CodeList>> stereotyped classes specified
in the UML model that was converted. Those XML elements are:

a) derivedCRSType, in coordinateReferenceSystems.xsd
b) pixellnCell, in datums.xsd
c¢) verticalDatumType, in datums.xsd

Those XML elements are each required to include a "codeSpace" attribute with type
"anyURI". The value of that attribute must reference a source of information specifying
the values and meanings of all the allowed string values for this element. An Application
Schema is expected to specify such a source of information, and how that source shall be
referenced, whenever that Application Schema uses an XML element converted from a
<<CodeList>> stereotyped class.

This annex specifies the standard set of string values and their meanings for each of the
three XML elements listed above. This annex first specifies one possible XML Schema
for encoding a standard set of string values and their meanings in an XML document.
That possible application schema is then used to record each of the three standard sets of
string values and their meanings.

D.2 XML schema for code lists

An XML document can be used to encode all the allowed string values with their
meanings for an XML element that encodes one <<CodeList>> stereotyped UML class.
One possible XML Schema for encoding such a standard set of string values and their
meanings is:

<?xm version="1.0" encodi ng="UTF-8""?>
<schemma t ar get Nanmespace="htt p://ww. opengi s. net/ exanpl es"
xm ns="http://ww. w3. or g/ 2001/ XM_LSchema"
xm ns: gm ="http://ww. opengi s.net/gnl"
xm ns: xl i nk="http://ww. w3. org/ 1999/ xl i nk"
xm ns: ex="http://ww. opengi s. net/ exanpl es"
el ement For mDef aul t ="qual i fi ed" xm :lang="en">
<annot at i on>
<docunent ati on>
<nane>codelLi st Di cti onary. xsd</ name>
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<descri pti on>One possible GW Application Schena to XM. encode
all the allowed string values and their neanings for an XM el enent
t hat encodes one Codeli st stereotyped UWML class. This schenma encodes
the all owed string values and their meanings in a CodelListDictionary
that is based on gm:Dictionary. This GW Application Schema specifies
use of elenent names that are specialized for a CodeListDictionary, and
prohi bits use of sone gm:Dictionary elenents that are not considered
useful in a CodelListDictionary. Primary editor: Arliss Witeside. Last
updat ed 2003/ 09/ 18. </description>

</ docunent ati on>
</ annot ati on>

<!-- s s ———————————————————
i ncl udes and i nports

ey

<i nport namespace="http://ww. opengi s. net/gm"

schemaLocation="../crsSchemas/ base/di ctionary. xsd"/>

<!-- s s ———————————————————
el ements and types

ey

<el enent name="Codeli stDi ctionary"
substituti onG oup="gm : Di ctionary">
<annot at i on>
<docunent ati on>Encodes all allowed code val ues and their
meani ngs for an XM el enent that encodes one CodelLi st stereotyped UWML
class. The gm:nanme elenent is used to encode one or nore namnes for
this Code List Dictionary. The optional gmnl:description elenment can be
used to record a description of this Dictionary. The required gm:id
attribute allows this Dictionary to be referenced, if this Dictionary
is contained within another XM el enment. </docunentation>
</ annot ati on>
<conpl exType>
<comnpl exCont ent >
<restriction base="gnm :DictionaryType">
<sequence>
<el enent ref="gnl:description" mnQccurs="0"/>
<el enent ref="gnl:nane" maxCccur s="unbounded"/ >
<el enent ref="ex: codeEntry" nmaxQccurs="unbounded"/ >
</ sequence>
<attribute ref="gm :id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
</ el ement >
<!-- s
<el ement nane="codeEntry" substitutionG oup="gnl:dictionaryEntry">
<annot at i on>
<docunent at i on>Associ ation to definition of one allowed code,
either including or referencing that code definition. For exanple, a
Code Definition in another Code List Dictionary can be referenced.
</ docunent ati on>
</ annot ati on>
<conpl exType>
<conpl exCont ent >
<restriction base="gnl:DictionaryEntryType">
<sequence>
<el ement ref="ex: CodeDefinition" mnCccurs="0"/>
</ sequence>
<attributeGoup ref="gm :AssociationAttributeG oup"/>
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</restriction>
</ conpl exCont ent >
</ conpl exType>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent name="CodeDefinition" substitutionG oup="gm :Definition">
<annot at i on>
<docunent ati on>Encodes one all owed code value with its
meani ng. The gml : description is used to record the meaning of this
al l owed code value, and is thus required. The required gm:id attribute
allows this Code Definition to be referenced by an anyURl value, if
this Code Definition is referenced from another Code List Dictionary,
or is directly referenced by a gm: CodeType. </docunentation>
</ annot ati on>
<conpl exType>
<compl exCont ent >
<restriction base="gnl :DefinitionType">
<sequence>
<el enent ref="gnl :description"/>
<el ement ref="ex:code" nmaxCccurs="unbounded"/>
</ sequence>
<attribute ref="gm:id" use="required"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
</ el emrent >
<! - - s
<el enent nanme="code" type="gn : CodeType"
substitutionG oup="gmn : nane" >
<annot at i on>
<docunent ati on>Al | owed val ue for the XM. el ement to which this
dictionary applies. The string value is allowed to include enbedded
spaces, as required for codes in Code Lists. The optional codeSpace
attribute can be omtted, or could contain the codeSpace val ue normally
used with this "code" string. </docunentation>
</ annot ati on>
</ el emrent >
</ schema>

This XML Schema is written as a GML Application Schema that builds on GML 3, but
uses a GML profile that includes only a small part of GML 3.

D.3 Standard contents of derivedCRSType

A standard set of allowed values and their meanings for the derivedCRSType element is
specified in the <CodeList>> stereotyped class in the UML model that was converted.
Those string values and their meanings are specified in the following UML document,
using the XML Schema specified in Subclause D.2:

<?xm version="1. 0" encodi ng="UTF-8""?>

<CodelLi stDi ctionary xm ns="http://ww. opengi s. net/exanpl es"
xm ns: gm ="http://ww. opengis.net/gn"

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"

xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
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xsi : schemalLocati on="htt p://ww. opengi s. net/ ex codelLi stDi ctionary. xsd"
gm :id="deri vedCRSType" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/07/08. -->
<gml : descri pti on>Type of a derived coordi nate reference system
</ gm : descri ption>
<gn : nane>deri vedCRSType</ gm : nane>
<codeEnt ry>
<CodeDefinition gm :id="engineering">
<gml : descri pti on>A contextually | ocal coordinate reference
system which can be divided into two broad categories:
- earth-fixed systens applied to engineering activities on or near the
surface of the earth;
- CRSs on moving platforms such as road vehicles, vessels, aircraft, or
spacecraft. </gm:description>
<code>engi neeri ng</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="inage">
<gn : descri pti on>An engi neeri ng coordi nate reference system
applied to locations in inages. </gm:description>
<code>i nage</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="vertical">
<gnl : descri pti on>A coordi nate reference system used for
recordi ng of heights or depths. Vertical CRSs make use of the direction
of gravity to define the concept of height or depth, but the
relationship with gravity nmay not be straightforward.
</ gm : descripti on>
<code>verti cal </ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="tenporal ">
<gnl : descri pti on>A coordi nate reference systemused for the
recording of time. </gnl:description>
<code>t enpor al </ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="geographic">
<gml : descri pti on>A coordi nate reference system based on an
el | i psoi dal approxi mati on of the geoid; provides an accurate
representation of the geonetry of geographic features for a |arge
portion of the earth's surface. </gm:description>
<code>geogr aphi c</ code>
</ CodeDefinition>
</ codeEntry>
</ CodelLi st Di cti onary>

D.4 Standard contents of pixelInCell

A standard set of allowed values and their meanings for the pixellnCell element is
specified in the <<CodeList>> stereotyped class in the UML model that was converted.
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Those string values and their meanings are specified in the following UML document,
using the XML Schema specified in Subclause D.2:

<?xm version="1.0" encodi ng="UTF-8""?>
<CodeLi stDictionary xm ns="http://ww. opengi s. net/exanpl es"
xm ns: gm ="http://ww. opengi s. net/gn"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schema- i nst ance"
xm ns: xl i nk="http://ww. w3. org/ 1999/ xI i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/ ex codelLi stDi ctionary. xsd"
gm :id="pixellnCell">
<l-- Primary editor: Arliss Witeside. Last updated 2003/06/27. -->
<gml : descri pti on>Specification of the way the inmage grid is
associated with the inmage data attributes. </gnl:description>
<gnl : nane>pi xel | nCel | </ gm : nane>
<codeEnt ry>
<CodeDefinition gm:id="cell Center">
<gnl : descri pti on>The origin of the inmage coordinate systemis
the center of a grid cell or inage pixel. </gnl:description>
<code>cel | center</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="cell Corner">
<gnl : descri pti on>The origin of the inmage coordinate systemis
the corner of a grid cell, or half-way between the centres of adjacent
i mge pixel centres. </gnl:description>
<code>cel | corner</code>
</ CodeDefinition>
</ codeEntry>
</ CodeLi stDi cti onary>

D.5 Standard contents of verticalDatumType

A standard set of allowed values and their meanings for the verticalDatumType element is
specified in the <<CodeList>> stereotyped class in the UML model that was converted.
Those string values and their meanings are specified in the following UML document,
using the XML Schema specified in Subclause D.2:

<?xm version="1. 0" encodi ng="UTF-8""?>
<CodelLi stDi ctionary xm ns="http://ww. opengi s. net/exanpl es"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/ ex codeLi stDi ctionary. xsd"
gm :id="verti cal Dat unType" >

<l-- Primary editor: Arliss Witeside. Last updated 2003/06/27. -->

<gnl : descri pti on>Type of a vertical datum </gm:description>

<gnl : nane>verti cal Dat unType</ gm : nane>

<codeEnt ry>

<CodeDefinition gm :id="geoidal ">
<gn : descri pti on>The zero val ue of the associated verti cal

coordi nate systemaxis is defined to approxi mate a constant potential
surface, usually the geoid. Such a reference surface is usually
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determ ned by a national or scientific authority, and is then a well-
known, named datum </gm :description>
<code>geoi dal </ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="depth">
<gnml : descri pti on>The zero point of the vertical axis is
defined by a surface that has neaning for the purpose which the
associ ated vertical neasurenments are used for. For hydrographic charts,
this is often a predicted nonminal sea surface (i.e. w thout waves or
other wind and current effects) that occurs at |ow tide. For sone
exanpl es, see OGC Abstract Specification Topic 2. </gm:description>
<code>dept h</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="baronetric">
<gml : descri pti on>At nospheric pressure is the basis for the
definition of the origin of the associated vertical coordinate system
axis. For nore information, see OGC Abstract Specification Topic 2.
</ gm : descri pti on>
<code>bar onet ri c</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="otherSurface">
<gml : description>In sone cases, e.g. oil exploration and
producti on, a geol ogi cal feature, such as the top or bottom of a
geologically identifiable and neani ngful subsurface |layer, is used as a
vertical datum Qher variations to the above three vertical datum
types may exist and are all included in this type. </gmnl:description>
<code>ot her surface</code>
</ CodeDefinition>
</ codeEntry>
</ CodelLi stDi cti onary>
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Annex E
(informative)

XML document examples

E.1 Introduction

This annex provides example XML documents using the XML schemas specified in this
document. These examples include both identification and specification data for many
geospatial entities. These XML examples omit some optional XML elements and
attributes that might be included, and include some optional elements and attributes that
might be omitted. This omission or inclusion was partially based on whether reasonable
values were known for optional elements and attributes. The optional elements that are
omitted in these examples XML include:

a) The “remarks” element in all IdentifierType and object elements.

b) The "scope" element in all elements that could include it.

Most of these XML examples assume that the XML Schemas specified in Annex C are
accessible using the location coordinateReferenceSystems.xsd. These XML examples use
patterns that are not specified in this document for values of the "gml:id", "gml:uom",
"xlink:href", and "xlink:title" XML attributes.

EDITOR'S NOTE Some of the patterns now used for values of these attributes may be invalid or
inappropriate. I urge reviewers to suggest any needed or desirable improvements.

NOTE For interoperability, the patterns or formats used for the values of these attributes must be
specified somewhere, normally in or with an Application Schema. Use of an anyURI value with a form of
urn:ogc:... assumes that the OGC has registered with IANA the “ogc” part as a namespace authority in a
URN. Until the ”ogc” or other value is so registered by the OGC, the “x-ogc” value should be used, where
the “x” denotes an experimental namespace.

E.2 Example XML for geographic 2D coordinate reference system

This subclause provides an example XML document using the Coordinate Reference
System subtype GeographicCRS XML element, with its’ contained elements, applied to a
geographic 2D coordinate system. This example XML is applicable to the current low-
level Coordinate Transformation (CT) Implementation Specification, document 01-009.

<?xm version="1.0" encodi ng="UTF-8"7?>

<Ceogr aphi cCRS xm ns="http://ww. opengi s. net/gnm "

xm ns: gm ="http://ww. opengi s. net/gn"

xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena-i nst ance"

xm ns: xl i nk="http://ww.w3. org/ 1999/ xl i nk"

Xxsi : schemaLocati on="htt p://ww. opengi s. net/gn

../ crsSchemas/ base/ coor di nat eRef er enceSyst ens. xsd" gm : i d="EPS4277" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<srsNanme>0SGEB 1936</ sr sNanme>
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<srsl D>
<nanme codeSpace="EPSG'>4277</ nane>
<ver si on>6. 0</ ver si on>

</ srsl D>

<val i dAr ea>

<description>United Kingdom (UK) - Great Britain -

Scotl and Wal es - onshore; Isle of Man. </description>
</val i dArea>
<usesEl | i psoi dal CS>
<El i psoi dal CS gmi : i d="EPSG6402" >
<csNane>el | i psoi dal </ csNane>
<csl D>
<nane codeSpace="EPSG'>6402</ nane>
<versi on>6. 0</ ver si on>
</ csl D>
<usesAxi s>
<Coor di nat eSystemAxi s gnl : i d="EPSE901"
gm : uom="ur n: ogc: uom degr ee" >
<axi sNane>Ceodetic | atitude</axi sNane>
<axi sl D>
<nanme codeSpace="EPSG'>9901</ nane>
<ver si on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>Lat </ axi sAbbr ev>
<axi sDirection>north</axi sDirection>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
<usesAxi s>
<Coor di nat eSystemAxi s gnl : i d="EPSG902"
gm : uom="ur n: ogc: uom degree" >
<axi sNane>Geodeti c | ongi t ude</ axi sNane>
<axi sl D>
<nane codeSpace="EPSG'>9902</ nane>
<versi on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>Lon</ axi sAbbr ev>
<axi sDirection>east </ axi sDirecti on>
</ Coor di nat eSyst emAxi s>
</ usesAxi s>
</ El'li psoi dal CS>
</ usesEl | i psoi dal CS>
<usesGeodet i cDat une
<Ceodet i cDat um gml : i d="EPSG277" >
<dat unName>0SGB 1936</ dat unNanme>
<dat um D>
<nanme codeSpace="EPSG'>6277</ nane>
<ver si on>6. 0</ ver si on>
</ datum D>
<usesPri meMeri di an>
<Pri meMeridian gm :id="EPSG3901" >
<neri di anName>G eenwi ch</ neri di anNane>
<neri di anl D>
<nane codeSpace="EPSG'>8901</ nane>
<versi on>6. 0</ ver si on>
</ nmeri di anl D>
<gr eenwi chLongi t ude>
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Engl and

<angl e uon¥"urn: ogc: uom degr ee" >0</ angl e>

</ greenw chLongi t ude>
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</ Pri meMeridi an>
</ usesPri meMeri di an>
<usesEl | i psoi d>
<Ell'i psoid gm :id="EPSGro01" >
<el I'i psoi dName>Ai ry 1830</el |l i psoi dNanme>
<el l'i psoi dl D>
<nanme codeSpace="EPSG'>7001</ nane>
<versi on>6. 0</ ver si on>
</ellipsoidl D>
<seni Maj or Axi s
uon¥"urn: ogc: uom netre" >6377563. 396</ seni Maj or AXi s>
<secondDef i ni ngPar anet er >
<i nver seFl at t eni ng
uon¥"urn: ogc: uom uni ty">299. 3249646</i nver seFl at t eni ng>
</ secondDef i ni ngPar anet er >
</Elli psoi d>
</ usesEl | i psoi d>
</ Geodet i cDat un®
</ usesCeodet i cDat une
</ Geogr aphi cCRS>

The above example XML just references the units urn:degree, urn:metre, and urn:unity (a
scale factor unit). Definitions of those units can be included in the XML document by
adding a Dictionary element in a metaDataProperty of this GeographicCRS. Such an
expanded example XML document is:

<?xm version="1.0" encodi ng="UTF-8"7?>
<Ceogr aphi cCRS xm ns="http://ww. opengi s. net/gm "
xm ns: gm ="http://ww. opengi s. net/gn "
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena-i nst ance"
xm ns: xl i nk="http://ww.w3. org/ 1999/ xl i nk"
Xxsi : schemalLocati on="htt p://ww. opengi s. net/ gni
../ crsSchemas/ base/ coor di nat eRef er enceSyst ens. xsd" gm : i d="EPS4277" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<nmet aDat aPr operty>
<Ceneri cMet aDat a>
<Dictionary gm:id="UnitsDictionary">
<description>Units used in this XM docunent. </description>
<nanme>Uni ts Dictionary</nane>
<di cti onaryEntry>
<Conventional Unit gm:id="degree">
<nane>degr ee</ nane>
<nane codeSpace="EPSG'>9102</ nane>
<quantityType>angl e</ quantityType>
<conversi onToPreferredUnit uom="#radi an">
<factor>1. 74532925199433E- 02</ f act or >
</ conversi onToPreferredUnit>
</ Conventi onal Uni t >
</dictionaryEntry>
<di cti onaryEntry>
<BaseUnit gm:id="radi an">
<name>r adi an</ nane>
<quantityType>angl e</ quantityType>
<uni t sSyst em xl i nk: hr ef =" urn: ToBeSuppl i ed"/ >
</ BaseUni t >
</dictionaryEntry>
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<di cti onaryEntry>
<BaseUnit gm:id="netre">
<nane>met r e</ nane>
<nane codeSpace="EPSG'>9001</ nane>
<quantityType>l engt h</ quantityType>
<uni t sSystem xl i nk: href="urn: SI"/ >
</ BaseUni t >
</dictionaryEntry>
<di ctionaryEntry>
<BaseUnit gm :id="unity">
<nane>uni t| ess</ nane>
<quantityType>scal e factor</quantityType>
<uni t sSyst em xl i nk: hr ef =" urn: ToBeSuppl i ed"/ >
</ BaseUni t >
</dictionaryEntry>
</Dictionary>
</ Generi cMet abDat a>
</ met aDat aPr operty>
<sr sName>0SGEB 1936</ sr sName>
<srsl D>
<nanme codeSpace="EPSG'>4277</ nane>
<ver si on>6. 0</ ver si on>
</srsl D>
<val i dAr ea>
<descri ption>United Kingdom (UK) - Great Britain - England
Scotl and Wal es - onshore; Isle of Man. </description>
</val i dArea>
<useskEl | i psoi dal CS>
<El I'i psoi dal CS gm : i d="EPSG6402" >
<csNane>el | i psoi dal </ csNane>
<csl D>
<nanme codeSpace="EPSG'>6402</ nane>
<versi on>6. 0</ ver si on>
</ csl D>
<usesAxi s>
<Coor di nat eSystemAxi s gml : i d="EPS@901" gnl : uon¥"#degree" >
<axi sNane>Ceodeti c | atitude</axi sNane>
<axi sl D>
<nane codeSpace="EPSG'>9901</ nane>
<versi on>6. 0</ versi on>
</ axi sl D>
<axi sAbbr ev>Lat </ axi sAbbr ev>
<axi sDirection>nort h</axisD rection>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
<usesAxi s>
<Coor di nat eSystemAxi s gl : i d="EPS@902" gnl : uon¥"#degree" >
<axi sNane>Geodeti c | ongi t ude</ axi sNane>
<axi sl D>
<nanme codeSpace="EPSG'>9902</ nane>
<versi on>6. 0</ versi on>
</ axi sl D>
<axi sAbbr ev>Lon</ axi sAbbrev>
<axi sDirecti on>east </ axi sDirecti on>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
</ El | i psoi dal CS>
</ usesEl | i psoi dal CS>
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<usesCeodet i cDat une
<Ceodet i cDat um gmi : i d="EPSG6277" >
<dat unName>0SGB 1936</ dat unNane>
<dat um D>
<name codeSpace="EPSG'>6277</ nane>
<ver si on>6. 0</ ver si on>
</ dat um D>
<usesPri meMeri di an>
<PrimeMeridian gm :id="EPSG3901" >
<neri di anName>G eenwi ch</ neri di anNane>
<meri di anl D>
<nanme codeSpace="EPSG'>8901</ nane>
<versi on>6. 0</ ver si on>
</ meri di anl D>
<gr eenwi chLongi t ude>
<angl e uon¥"#degree">0</ angl e>
</ greenw chLongi t ude>
</ Pri meMeri di an>
</ usesPrineMeri di an>
<usesEl | i psoi d>
<Ellipsoid gn:id="EPSGr001" >
<el l'i psoi dNane>Ai ry 1830</el | i psoi dNane>
<el l'i psoi dl D>
<nane codeSpace="EPSG'>7001</ nane>
<versi on>6. 0</ versi on>
</ellipsoidl D>
<sem Maj or AXi s uon¥"#netre">6377563. 396</ sem Maj or Axi s>
<secondDef i ni ngPar anet er >
<i nver seFl at t eni ng
uone"#uni ty" >299. 3249646</ i nver seFl att eni ng>
</ secondDef i ni ngPar anet er >
</Elli psoi d>
</ usesEl | i psoi d>
</ Geodet i cDat une
</ usesCeodet i cDat une
</ Geogr aphi cCRS>

E.3 Example XML for compound coordinate reference system

This subclause provides an example XML document using the Coordinate Reference
System subtype CompoundCRS XML element, with its' contained elements, applied to a
3D compound coordinate reference system that combines a Projected and a Vertical CRS.
Note that this Compound CRS Definition contains three other CRS definitions, for a
Vertical CRS, a Geographic 2D CRS, and a Projected CRS.

<?xm version="1. 0" encodi ng="UTF-8""?>

<ConmpoundCRS xm ns="http://ww. opengi s. net/gn "

xm ns: gm ="http://ww. opengi s. net/gm "

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"

xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"

xsi : schemalLocati on="htt p://ww. opengi s. net/ gm

../ crsSchemas/ base/ coor di nat eRef er enceSyst ens. xsd" gm : i d="EPSGr405" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<srsNane>0SGEB36 /British National Gid + ODN</srsNane>
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<srsl| D>
<nanme codeSpace="EPSG'>7405</ nane>
<versi on>6. 0</ versi on>
</srsl D>
<val i dAr ea>
<description>United Kingdom (UK) - Great Britain - England
Scotl and Wal es - onshore; Isle of Man. </description>
</val i dArea>
<i ncl udesCRS>
<Proj ect edCRS gnl : i d="EPS&7700" >
<srsNanme>0SGEB 1936 / British National Gid</srsNanme>
<srsl| D>
<nane codeSpace="EPSG'>27700</ name>
<versi on>6. 0</ ver si on>
</srsl D>
<val i dAr ea>
<description>United Kingdom (UK) - Great Britain - England
Scotl and Wal es - onshore; Isle of Man. </description>
</val i dArea>
<baseCRS>
<Ceogr aphi cCRS gml : i d="EPS&277" >
<sr sNanme>0SGB 1936</ sr sNane>
<srsl D>
<nane codeSpace="EPSG'>4277</ nane>
<versi on>6. 0</ versi on>
</ srsl D>
<val i dAr ea>
<descri pti on>United Ki ngdom (UK) - Geat Britain -
Engl and Scotl| and Wal es - onshore; Isle of Man. </description>
</val i dArea>
<useskEl | i psoi dal CS>
<El i psoi dal CS gmi : i d="EPSG6402" >
<csNane>el | i psoi dal </ csNanme>
<csl D>
<nanme codeSpace="EPSG'>6402</ nane>
<ver si on>6. 0</ ver si on>
</ csl D>
<usesAxi s>
<Coor di nat eSystemAxi s gnl : i d="EPSG901"
g : uon¥"ur n: degree" >
<axi sNane>Ceodetic | atitude</axi sNane>
<axi sl D>
<nane codeSpace="EPSG'>9901</ nane>
<ver si on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>Lat </ axi sAbbr ev>
<axi sDirection>nort h</axi sDirection>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
<usesAxi s>
<Coor di nat eSyst emAxi s gnl : i d=" EPSG902"
gm : uome"ur n: degr ee" >
<axi sNane>CGeodeti c | ongi t ude</ axi sNane>
<axi sl D>
<name codeSpace="EPSG'>9902</ nane>
<versi on>6. 0</ versi on>
</ axi sl D>
<axi sAbbr ev>Lon</ axi sAbbrev>
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<axi sDirecti on>east </ axi sDirecti on>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
</ El | i psoi dal CS>
</ usesEl | i psoi dal CS>
<usesCeodet i cDat une
<Ceodet i cDat um gmi : i d="EPSG6277" >
<dat unName>0SGB 1936</ dat unNanme>
<dat um D>
<nanme codeSpace="EPSG'>6277</ nane>
<ver si on>6. 0</ ver si on>
</ dat um D>
<usesPri meMeri di an>
<Pri meMeridian gm :id="EPSG3901" >
<neri di anName>G eenwi ch</ neri di anNane>
<meri di anl D>
<nanme codeSpace="EPSG'>8901</ nane>
<versi on>6. 0</ ver si on>
</ meri di anl D>
<gr eenwi chLongi t ude>
<angl e uon¥"urn: degree">0</ angl e>
</ greenw chLongi t ude>
</ Pri meMeri di an>
</ usesPri neMeri di an>
<usesEl | i psoi d>
<Ellipsoid gnl:id="EPSGr001" >
<el l'i psoi dNane>Ai ry 1830</el | i psoi dNane>
<el l'i psoi dl D>
<nane codeSpace="EPSG'>7001</ nane>
<versi on>6. 0</ versi on>
</ellipsoidl D>
<sem Maj or AXi s
uon¥"urn: metre">6377563. 396</ seni Maj or Axi s>
<secondDef i ni ngPar anet er >
<i nver seFl att eni ng
uon¥"urn: uni ty">299. 3249646</ i nver seFl at t eni ng>
</ secondDef i ni ngPar anet er >
</Elli psoi d>
</ usesEl | i psoi d>
</ Ceodet i cDat un®
</ usesCeodet i cDat une
</ Geogr aphi cCRS>
</ baseCRS>
<def i nedByConver si on>
<Conversi on gm :id="EPSG19916" >
<coor di nat eQper ati onNane>Tr ansver se
Mer cat or </ coor di nat eOper at i onNane>
<coor di nat eQper at i onl D>
<name codeSpace="EPSG'>19916</ nane>
<versi on>6. 0</ versi on>
</ coor di nat eQper ati onl D>
<usesMet hod>
<Qper ati onMet hod gm : i d="EPS@&807" >
<nmet hodNane>Tr ansver se Mer cat or </ net hodNane>
<nmet hodl D>
<name codeSpace="EPSG'>9807</ nane>
<ver si on>6. 0</ ver si on>
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</ met hodl D>
<met hodFor nul a>See Section 1.4.6 "Transverse
Mercat or™ of EPSG Gui dance Note 7, Decenber 2000. </nethodFormul a>
<sour ceDi nensi ons>2</ sour ceDi nensi ons>
<t ar get Di mensi ons>2</t ar get Di mensi ons>
<usesPar anet er >
<Qper ati onPar aneter gmni :id="EPSGE801" >
<par amet er Nane>Lati tude of natura
ori gi n</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8801</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
</ OQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gni:id="EPSG802" >
<par amet er Nane>Longi t ude of natura
ori gi n</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8802</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gni :id="EPSG805" >
<par amet er Nane>Scal e factor at natura
ori gi n</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8805</ nane>
<versi on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gni:id="EPSG806" >
<par anet er Name>Fal se Easti ng</ par anet er Nane>
<par anet er | D>
<name codeSpace="EPSG'>8806</ nane>
<ver si on>6. 0</ ver si on>
</ paraneterl| D>
</ OQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onParaneter gmni:id="EPSE807" >
<par anet er Nane>Fal se
Nor t hi ng</ par anmet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8807</ nane>
<versi on>6. 0</ versi on>
</ paraneterl| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
</ Qper at i onMet hod>
</ usesMet hod>
<usesVal ue>
<val ue uon¥"urn: degree">49</val ue>
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<val ueOr Par arret er xl i nk: hr ef =" #EPSG3801"
xlink:title="Latitude of natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: degree">-2</val ue>
<val ueOr Par arret er xl i nk: hr ef =" #EPSG3802"
xlink:title="Longitude of natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn:unity">0.999601272</ val ue>
<val ueOr Par arret er xl i nk: hr ef =" #EPSG3805"
xlink:title="Scale factor at natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uomF"urn: netre">400000</ val ue>
<val ueOr Par arret er xl i nk: hr ef =" #EPSG3806"
xlink:title="Fal se Easting"/>
</ usesVal ue>
<usesVal ue>
<val ue uomF"urn: netre">-100000</ val ue>
<val ueOr Par arret er xl i nk: hr ef =" #EPSG3807"
xlink:title="Fal se Northing"/>
</ usesVal ue>
</ Conver si on>
</ def i nedByConver si on>
<usesCart esi anCS>
<CartesianCS gn : i d="EPSx4400" >
<csNanme>Cart esi an</ csNanme>
<csl D>
<name codeSpace="EPSG'>4400</ nane>
<ver si on>6. 0</ ver si on>
</ csl D>
<usesAXxi s>
<Coor di nat eSystemAxi s gnl : i d="EPSG9906"
gm :uon¥"urn: netre">
<axi sNane>East i ng</ axi sNane>
<axi sl D>
<nane codeSpace="EPSG'>9906</ nane>
<ver si on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>E</ axi sAbbr ev>
<axi sDi recti on>east </ axi sDi recti on>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
<usesAxi s>
<Coor di nat eSystemAxi s gnl : i d="EPS&907"
gm : uonmE"urn: netre" >
<axi sNanme>Nor t hi ng</ axi sNanme>
<axi sl D>
<name codeSpace="EPSG'>9907</ nane>
<ver si on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>N</ axi sAbbr ev>
<axi sDirection>nort h</axi sDirection>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
</ Cart esi anCS>
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</ usesCart esi anCS>
</ Proj ect edCRS>
</i ncl udesCRS>
<i ncl udesCRS>
<Vertical CRS gn :id="EPSG5701" >
<sr sName>New yn</ sr sNane>
<srsl| D>
<nane codeSpace="EPSG'>5701</ nane>
<versi on>6. 0</ ver si on>
</srsl D>
<usesVerti cal CS>
<Vertical CS g :i d="EPSG5499" >
<csName>G avi ty-rel at ed</ csNanme>
<csl D>
<name codeSpace="EPSG'>6499</ nane>
<ver si on>6. 0</ ver si on>
</ csl D>
<usesAxi s>
<Coor di nat eSystemAxi s gnl : i d="EPSG9904"
gm :uon¥"urn: netre">
<axi sNane>Gravi ty-rel at ed hei ght </ axi sNane>
<axi sl D>
<nane codeSpace="EPSG'>9904</ nane>
<versi on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>H</ axi sAbbr ev>
<axi sDirection>up</axi sDirection>
</ Coor di nat eSyst emAxi s>
</ usesAxi s>
</ Vertical CS>
</ usesVerti cal CS>
<usesVerti cal Dat unp
<Verti cal Datum gm : i d="EPSG5101" >
<dat umName>Or dnance Dat um New yn</ dat umNanme>
<dat um D>
<nanme codeSpace="EPSG'>5101</ nane>
<ver si on>6. 0</ ver si on>
</ dat um D>
<verti cal Dat unlype
codeSpace="verti cal Dat unifypeCodeLi st. xm ">geoi dal </ verti cal Dat umlype>
</ Verti cal Dat une
</ usesVerti cal Dat unp
</ Vertical CRS>
</i ncl udesCRS>
</ ConpoundCRS>

Again, the above example XML just references the units #degree, #metre, and #unity (a
scale factor unit). Definitions of those units could be included in this XML document by
adding a Dictionary element in a metaDataProperty of this CompoundCRS. This could be
done in the same manner as shown in the second example XML document in Subclause
E.2.
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E.4 Simple example XML for compound coordinate reference system

The example XML document in the previous subclause includes many elements and
attributes that are optional, and can thus be omitted when not needed. This subclause
provides a simplified example XML document for the same 3D compound coordinate
reference system, which omits most of the optional elements and attributes. This
simplified example XML is intended to be adequate when the Projected CRS and the
Vertical CRS are both well-known. That is, this simplified example assumes that server
software can obtain the coordinate reference system specification and other data for these
two coordinate reference systems using only the given "xlink:href" attribute values.

<?xm version="1.0" encodi ng="UTF-8""?>
<ConmpoundCRS xm ns="http://ww. opengi s. net/gn "
xm ns: gm ="http://ww. opengi s. net/gn"
xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena- i nst ance"
xm ns: xl i nk="http://ww.w3. org/ 1999/ xl i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/ gn
../ crsSchemas/ base/ coor di nat eRef er enceSyst ens. xsd" gm : i d="EPSGr405" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<srsNane>0SGB36 /British National Gid + ODN</srsNane>
<srsl| D>
<nanme codeSpace="EPSG'>7405</ nane>
<versi on>6. 0</ ver si on>
</srsl D>
<val i dAr ea>
<description>United Kingdom (UK) - Great Britain - England
Scot | and Wal es - onshore; Isle of Man.
</ descri ption>
</val i dArea>
<i ncl udesCRS xl i nk: href ="urn: ogc: srs: EPSG : 27700" xlink:title="0SCB
1936 / British National Gid"/>
<i ncl udesCRS xl i nk: href ="urn: ogc: srs: EPSG : 5701"
xlink:title="New yn"/>
</ ConpoundCRS>

E.5 Example XML for Transverse Mercator conversion

This subclause provides an example XML document using the Coordinate Operation
concrete subtype "Conversion" XML element, with its' contained elements, here applied
to an example Transverse Mercator map projection.

NOTE Subclause F.3.4 provides a corresponding example XML document using the example
Transverse Mercator map projection XML Schema provided in Subclause F.3.3. That encoding of
Transverse Mercator conversions is recommended, since multiple instances of the Transverse Mercator
type of conversion are expected.

<?xm version="1.0" encodi ng="UTF-8""?>

<Conversion xm ns="http://ww. opengi s. net/gm"

xm ns: gm ="http://ww. opengis.net/gn"

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"

xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"

xsi : schemalLocati on="htt p://ww. opengi s. net/gm

../ crsSchemas/ base/ coor di nat eOper ati ons. xsd" gmnl : i d="EPSGL9916" >
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<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18.
<!-- SourceCRS: EPSG 4277 OSGB 1936 -->

<I-- TargetCRS: EPSG 27700 OSGB 1936 / British National Gid -->

<coor di nat eOper at i onNane>Tr ansver se
Mer cat or </ coor di nat eOper at i onNane>
<coor di nat eQper ati onl D>
<nanme codeSpace="EPSG'>19916</ nane>
<versi on>6. 0</ versi on>
</ coor di nat eQper ati onl D>
<usesMet hod>
<Qperati onMet hod gml : i d="EPS@807" >
<met hodNanme>Tr ansver se Mer cat or </ met hodNane>
<nmet hodl D>
<nane codeSpace="EPSG'>9807</ nane>
<versi on>6. 0</ versi on>
</ met hodl D>
<met hodFor nul a>See Section 1.4.6 "Transverse Mercator" of
Gui dance Note 7, Decenber 2000. </methodFormul a>
<sour ceDi nensi ons>2</ sour ceDi nensi ons>
<t ar get Di mensi ons>2</t ar get Di mensi ons>
<usesPar anet er >
<Qper ati onPar aneter gmni:id="EPSGE801" >
<par amet er Nane>Lati tude of natura
ori gi n</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8801</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gni:id="EPSGE802" >
<par amet er Nane>Longi t ude of natura
ori gi n</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8802</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gmni:id="EPSG805" >
<par amet er Nane>Scal e factor at natura
ori gi n</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8805</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er | D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gmnl:id="EPSG806" >
<par amet er Nane>Fal se Easti ng</ par anmet er Nane>
<par anet er | D>
<name codeSpace="EPSG'>8806</ nane>
<versi on>6. 0</ versi on>
</ paraneterl| D>
</ Qper at i onPar anet er >
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</ usesPar anet er >
<usesPar anet er >
<Qper ati onParaneter gnl:id="EPSG807">
<par anet er Nanme>Fal se Nort hi ng</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8807</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
</ Qper at i onMet hod>
</ usesMet hod>
<usesVal ue>
<val ue uon¥"urn: ogc: uom degr ee" >49</ val ue>
<val ueOf Par anet er xlink: href ="#EPSE801" xlink:title="Latitude of
natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom degr ee" >- 2</ val ue>
<val ueOf Par anet er xl i nk: href ="#EPSE3802" xlink:title="Longitude
of natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom uni ty">0.999601272</ val ue>
<val ueOf Par anet er xl i nk: href ="#EPSGE805" xlink:title="Scal e
factor at natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom netre">400000</ val ue>
<val ueO Par anet er xl i nk: href ="#EPSGE806" xlink:title="Fal se
Easting"/ >
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn:ogc: uom netre">-100000</ val ue>
<val ueOf Par anet er xl i nk: href ="#EPSGE807" xlink:title="Fal se
Nor t hi ng"/ >
</ usesVal ue>
</ Conver si on>

The above example contains most details within the usesMethod element. If that
Transverse Mercator OperationMethod is sufficiently well-known or the details are
available elsewhere, a much shorter example XML document can be used:

<?xm version="1.0" encodi ng="UTF-8"7?>

<Conversion xm ns="http://ww. opengi s. net/gm"

xm ns: gm ="http://ww. opengi s. net/gm "

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"

xm ns: xl i nk="http://ww.w3. org/ 1999/ xl i nk"

Xxsi : schemalLocati on="htt p://ww. opengi s. net/ gni

../ crsSchemas/ base/ coor di nat eOper ati ons. xsd" gml : i d="EPSGL9916" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<I-- SourceCRS: EPSG 4277 OSGB 1936 -->
<l-- Target CRS: EPSG 27700 OSGB 1936 / British National Gid -->
<coor di nat eQper at i onNane>Tr ansver se

Mer cat or </ coor di nat eOper at i onNane>
<coor di nat eQper ati onl D>
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<name codeSpace="EPSG'>19916</ nane>
<ver si on>6. 0</ ver si on>
</ coor di nat eQper at i onl D>
<usesMet hod xl i nk: href="urn: ogc: met hod: EPSG : 9807"
xlink:title="Transverse Mercator"/>
<usesVal ue>
<val ue uon¥"urn: degree">49</ val ue>
<val ueO Par anet er xl i nk: href="urn: ogc: paranet er: EPSG : 8801"
xlink:title="Latitude of natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom degr ee" >- 2</ val ue>
<val ueO Par anet er xl i nk: href="urn: ogc: par anet er: EPSG : 8802"
xl'ink:title="Longitude of natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom uni ty">0.999601272</ val ue>
<val ueO Par anet er xl i nk: href="urn: ogc: par anet er : EPSG : 8805"
xlink:title="Scale factor at natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom et re" >400000</ val ue>
<val ueOr Par anet er xl i nk: href="urn: ogc: par anet er : EPSG : 8806"
xlink:title="Fal se Easting"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom netre">-100000</ val ue>
<val ueO Par anet er xl i nk: href="urn: ogc: paranet er: EPSG : 8807"
xl'ink:title="Fal se Northing"/>
</ usesVal ue>
</ Conver si on>

This example assumes that information for the Transverse Mercator OperationMethod is
available elsewhere. Example XML for this is given in the following subclause.

E.6 Example XML for operation method

This subclause provides an example XML document using the OperationMethod
element, with data for the Transverse Mercator conversion method.

<?xm version="1.0" encodi ng="UTF-8""?>
<Qperati onMet hod xm ns="http://ww. opengi s. net/gm"
xm ns: gm ="http://ww. opengi s.net/gn"
xm ns: xsi ="http://ww. w3. or g/ 2001/ XM_Schemna- i nst ance"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/ gmni
../ crsSchemas/ base/ coor di nat eOper ati ons. xsd" gmnl : i d="EPS@807" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/08/06. -->
<nmet hodNane>Tr ansver se Mer cat or </ net hodNane>
<nmet hodl D>
<nanme codeSpace="EPSG'>9807</ nane>
<ver si on>6. 0</ ver si on>
</ met hodl D>
<met hodFor mul a>See Section 1.4.6 "Transverse Mercator" of EPSG
Gui dance Note 7, Decenber 2000. </methodFormul a>
<sour ceDi mensi ons>2</ sour ceDi mensi ons>
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<t arget D nensi ons>2</t ar get Di nensi ons>
<usesPar anet er >
<QCper ati onParaneter gmnl:id="EPSG801">
<par anet er Name>Lat i t ude of natural origin</paraneterNane>
<par anet er | D>
<nanme codeSpace="EPSG'>8801</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er | D>
</ OQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gmnl :id="EPSGE802" >
<par anet er Nanme>Longi t ude of natural origin</paraneterNane>
<par anet er | D>
<name codeSpace="EPSG'>8802</ nane>
<ver si on>6. 0</ ver si on>
</ paraneterl| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gmni:id="EPSG805" >
<par anmet er Nane>Scal e factor at natural origi n</paraneterNane>
<par anet er | D>
<nane codeSpace="EPSG'>8805</ nane>
<versi on>6. 0</ versi on>
</ paraneter| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Cper ati onPar aneter gnl:i d="EPSG3806" >
<par anet er Nane>Fal se Easti ng</ par anet er Nane>
<par anet er | D>
<nane codeSpace="EPSG'>8806</ nane>
<versi on>6. 0</ ver si on>
</ paraneter| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar aneter gml : i d="EPS&E807" >
<par amet er Nane>Fal se Nort hi ng</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8807</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</ usesPar anet er >
</ Qper at i onMet hod>

E.7 Example XML for CRS dictionary

This subclause provides an example XML document using the Dictionary element from
the dictionary.xsd schema of GML 3, with its’ contained elements, applied to the
example CompoundCRS used in Subclause E.3 with all of its' components separated in
the dictionary.
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<?xm version="1.0" encodi ng="UTF-8""?>
<Dictionary xm ns="http://ww. opengi s. net/gm"
xm ns: gm ="http://ww. opengi s. net/gn"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schemna- i nst ance"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/gmn
../ crsSchemas/ base/ coor di nat eRef er enceSyst ens. xsd"
gm :id="CrsDictionary">
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<descri pti on>Exanpl e GWL Dictinary of sone coordi nate reference
systenms and conponents. </description>
<nanme>CRS Di cti onary</ nane>
<di cti onaryEntry>
<ConmpoundCRS gm : i d=" EPSG7405" >
<srsName>0SGB36 /British National Gid + ODN</srsNane>
<srsl D>
<nanme codeSpace="EPSG'>7405</ nane>
<versi on>6. 0</ ver si on>
</srsl D>
<val i dAr ea>
<description>United Kingdom (UK) - Great Britain - England
Scotl and Wal es - onshore; Isle of Man. </description>
</val i dArea>
<i ncl udesCRS xl i nk: href ="#EPS&7700" xlink:title="0SGB 1936 /
British National Gid"/>
<i ncl udesCRS xl i nk: href ="#EPSG701" xlink:title="New yn"/>
</ ConpoundCRS>
</dictionaryEntry>
<di cti onaryEntry>
<Pr oj ect edCRS gnl : i d="EPS&7700" >
<srsNane>0SGEB 1936 / British National Gid</srsNanme>
<srsl D>
<nane codeSpace="EPSG'>27700</ name>
<versi on>6. 0</ ver si on>
</srsl D>
<val i dAr ea>
<description>United Kingdom (UK) - Great Britain - England
Scotl and Wal es - onshore; Isle of Man. </description>
</val i dArea>
<baseCRS xl i nk: href ="#EPSG4277" xlink:title="0SEB 1936"/>
<def i nedByConver si on xli nk: hr ef =" #EPSGL9916"
xlink:title="Transverse Mercator"/>
<usesCartesi anCS xl i nk: href =" #EPSG4400"
xlink:title="Cartesian"/>
</ Proj ect edCRS>
</dictionaryEntry>
<di cti onaryEntry>
<Ceogr aphi cCRS gml : i d="EPS&277" >
<srsNanme>0SGEB 1936</ sr sNanme>
<srsl D>
<nanme codeSpace="EPSG'>4277</ nane>
<ver si on>6. 0</ ver si on>
</srsl D>
<val i dAr ea>
<descri ption>United Kingdom (UK) - Great Britain - England
Scot |l and Wal es - onshore; Isle of Man. </description>
</val i dArea>
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<useskEl I i psoi dal CS xI i nk: href ="#EPSG5402"
xlink:title="ellipsoidal"/>
<usesGeodeti cDat um xI i nk: hr ef ="#EPSG6277" xlink:titl e="(0OSGB
1936"/ >
</ Geogr aphi cCRS>
</dictionaryEntry>
<di cti onaryEntry>
<El I'i psoi dal CS gm : i d="EPSG6402" >
<csNane>el | i psoi dal </ csNanme>
<csl D>
<nanme codeSpace="EPSG'>6402</ nane>
<ver si on>6. 0</ ver si on>
</ csl D>
<usesAxi s xlink: href="#EPS@901" xlink:title="CGeodetic
[ atitude"/>
<usesAxi s xlink: href="#EPS®902" xlink:title="Ceodetic
| ongi t ude"/ >
</ El | i psoi dal CS>
</dictionaryEntry>
<di cti onaryEntry>
<Coor di nat eSystemAxi s gni : i d="EPS&901"
gm : uonE"ur n: ogc: uom degree" >
<axi sNane>CGeodetic | atitude</axi sNane>
<axi sl D>
<name codeSpace="EPSG'>9901</ nane>
<ver si on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>Lat </ axi sAbbr ev>
<axi sDirection>north</axisDirection>
</ Coor di nat eSyst emAxi s>
</dictionaryEntry>
<di cti onaryEntry>
<Coor di nat eSystemAxi s gnl : i d="EPSG902"
gm : uom="ur n: ogc: uom degree" >
<axi sNane>Geodeti c | ongi t ude</ axi sNane>
<axi sl D>
<nanme codeSpace="EPSG'>9902</ nane>
<versi on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>Lon</ axi sAbbr ev>
<axi sDirecti on>east </ axi sDirecti on>
</ Coor di nat eSyst enAxi s>
</dictionaryEntry>
<di cti onaryEntry>
<Ceodet i cDat um gml : i d="EPSG6277" >
<dat umNanme>0SGB 1936</ dat umNanme>
<dat um D>
<nane codeSpace="EPSG'>6277</ nane>
<versi on>6. 0</ versi on>
</ datum D>
<usesPrimeMeridi an xIink: href="#EPSG3901"
xlink:title="G eenw ch"/>
<usesEl i psoi d xlink: href="#EPSGr/001" xlink:title="Airy
1830"/ >
</ Geodet i cDat unw
</dictionaryEntry>
<di cti onaryEntry>
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<PrineMeridian gmnl:id="EPS&E901" >
<mer i di anNane>G eenwi ch</ meri di anNane>
<neri di anl D>
<nane codeSpace="EPSG'>8901</ nane>
<versi on>6. 0</ versi on>
</ meridi anl D>
<gr eenwi chLongi t ude>
<angl e uon¥"urn: ogc: uom degr ee" >0</ angl e>
</ greenw chLongi t ude>
</ PrimeMeri di an>
</dictionaryEntry>
<di cti onaryEntry>
<Ell'i psoid gm :id="EPSGro0o1" >
<el l'i psoi dNane>Ai ry 1830</el | i psoi dNanme>
<el l'i psoi dl D>
<nanme codeSpace="EPSG'>7001</ nane>
<ver si on>6. 0</ ver si on>
</ellipsoidl D>
<sem Maj or Axi s
uonE"urn: ogc: uom et re" >6377563. 396</ seni Maj or AXi s>
<secondDef i ni ngPar anet er >
<i nver seFl att eni ng
uon¥"urn: ogc: uom uni ty">299. 3249646</i nver seFl at t eni ng>
</ secondDef i ni ngPar anet er >
</El'lipsoid>
</dictionaryEntry>
<di cti onaryEntry>
<Conversion gm :id="EPSGL9916" >
<coor di nat eOper at i onNane>Tr ansver se
Mer cat or </ coor di nat eOper at i onNane>
<coor di nat eQper ati onl D>
<nanme codeSpace="EPSG'>19916</ nane>
<versi on>6. 0</ ver si on>
</ coor di nat eQper ati onl D>
<usesMet hod xl i nk: href="#EPS@807" xlink:title="Transverse
Mer cator"/ >
<usesVal ue>
<val ue uon¥"urn: ogc: uom degr ee" >49</ val ue>
<val ueOF Par anet er xl i nk: href ="#EPSG801"
xlink:title="Latitude of natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom degr ee" >- 2</ val ue>
<val ueO Par anet er xl i nk: href ="#EPSGE802"
xlink:title="Longitude of natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn: ogc: uom uni ty">0.999601272</ val ue>
<val ueO Par anet er xl i nk: href ="#EPSE805" xlink:title="Scal e
factor at natural origin"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn:ogc: uom netre">400000</ val ue>
<val ueOf Par anet er xl i nk: href ="#EPSGE806" xlink:title="Fal se
Easting"/>
</ usesVal ue>
<usesVal ue>
<val ue uon¥"urn:ogc: uom netre">-100000</ val ue>
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<val ueOr Par anet er xl i nk: href ="#EPSG807" xlink:title="Fal se
Nor t hi ng"/ >
</ usesVal ue>
</ Conver si on>
</dictionaryEntry>
<di cti onaryEntry>
<Qper ati onMet hod gmnl : i d="EPS@807" >
<met hodNane>Tr ansver se Mer cat or </ met hodNane>
<met hodl D>
<name codeSpace="EPSG'>9807</ nane>
<ver si on>6. 0</ ver si on>
</ met hodl D>
<met hodFor nul a>See Section 1.4.6 "Transverse Mercator" of EPSG
Qui dance Note 7, Decenmber 2000. </ nethodFornul a>
<sour ceDi mensi ons>2</ sour ceDi nensi ons>
<t ar get Di nensi ons>2</t ar get Di nensi ons>
<usesPar anmet er xlink: href ="#EPSG801" xlink:title="Latitude of
natural origin"/>
<usesPar anet er xlink: href="#EPSE802" xlink:title="Longitude
of natural origin"/>
<usesPar armet er xli nk: hr ef ="#EPSG805" xlink:title="Scal e
factor at natural origin"/>
<usesPar anet er xlink: href="#EPSG806" xlink:title="Fal se

Easting"/ >
<usesPar anet er xlink: href ="#EPSG807" xlink:titl e="Fal se
Nor t hi ng"/ >

</ Qper at i onMet hod>
</dictionaryEntry>
<di cti onaryEntry>
<Qper ati onPar aneter gmi :id="EPS&E801" >
<par anmet er Nane>Lat i tude of natural origi n</paraneter Nane>
<par anet er | D>
<nane codeSpace="EPSG'>8801</ nane>
<versi on>6. 0</ ver si on>
</ paraneter| D>
</ Qper at i onPar anet er >
</dictionaryEntry>
<di cti onaryEntry>
<QCper ati onParaneter gmnl:id="EPSG802">
<par amet er Nane>Longi t ude of natural origin</paraneterNanme>
<par anet er | D>
<nanme codeSpace="EPSG'>8802</ nane>
<versi on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</dictionaryEntry>
<di cti onaryEntry>
<Qper ati onPar aneter gm : i d="EPSGE805" >
<par amet er Nane>Scal e factor at natural origi n</paraneterNanme>
<par anet er | D>
<nanme codeSpace="EPSG'>8805</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</dictionaryEntry>
<di cti onaryEntry>
<Qper ati onPar aneter gmni:id="EPSG806" >
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<par anmet er Nane>Fal se Easti ng</ par anet er Nane>
<par anet er | D>
<nane codeSpace="EPSG'>8806</ nane>
<versi on>6. 0</ ver si on>
</ paraneter| D>
</ Qper at i onPar anet er >
</dictionaryEntry>
<di cti onaryEntry>
<Qper ati onParaneter gmnl:id="EPSG807">
<par anet er Nane>Fal se Nort hi ng</ par anet er Nane>
<par anet er | D>
<nanme codeSpace="EPSG'>8807</ nane>
<versi on>6. 0</ ver si on>
</ par anet er| D>
</ Qper at i onPar anet er >
</dictionaryEntry>
<di cti onaryEntry>
<Cartesi anCS gnl :i d="EPS&4400" >
<csName>Cart esi an</ csNane>
<csl D>
<nanme codeSpace="EPSG'>4400</ nane>
<ver si on>6. 0</ ver si on>
</ csl D>
<usesAxi s xlink: href="#EPS@906" xlink:title="Easting"/>
<usesAxi s xlink: href="#EPSE907" xlink:title="Northing"/>
</ Cart esi anCS>
</dictionaryEntry>
<di cti onaryEntry>
<Coor di nat eSystemAxi s gnl : i d="EPSG9906"
gm : uom="urn: ogc: uom netre" >
<axi sNane>East i ng</ axi sNane>
<axi sl D>
<nane codeSpace="EPSG'>9906</ nane>
<versi on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>E</ axi sAbbr ev>
<axi sDirecti on>east </ axi sDirecti on>
</ Coor di nat eSyst emAxi s>
</dictionaryEntry>
<di cti onaryEntry>
<Coor di nat eSystemAxi s gnl : i d="EPS&907"
gm : uonmE"ur n: ogc: uom netre" >
<axi sNanme>Nor t hi ng</ axi sNanme>
<axi sl D>
<name codeSpace="EPSG'>9907</ nane>
<ver si on>6. 0</ ver si on>
</ axi sl D>
<axi sAbbr ev>N</ axi sAbbr ev>
<axi sDirection>north</axi sDirection>
</ Coor di nat eSyst enAxi s>
</dictionaryEntry>
</Dictionary>
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E.8 Example XML for units dictionary

This subclause provides an example XML document using the Dictionary element from
the dictionary.xsd schema of GML 3, with its’ contained elements, applied to the units of
measure used in the preceding XML examples.

<?xm version="1.0" encodi ng="UTF-8""?>
<Di ctionary xm ns="http://ww. opengi s. net/gm"
xm ns: gm ="http://ww. opengi s.net/gn"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/ gmi
../ crsSchemas/ base/ coor di nat eRef er enceSyst ens. xsd"
gm :id="UnitsDi ctionary">
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<descri pti on>Exanple GW Dictinary of unit
definitions. </description>
<name>Uni ts Di ctionary</ nane>
<di cti onaryEntry>
<Conventional Unit gm:id="degree">
<nane>degr ee</ name>
<nanme codeSpace="EPSG'>9102</ nane>
<quantityType>angl e</ quantityType>
<conver si onToPreferredUnit uom="#radi an">
<factor>1. 74532925199433E- 02</ f act or >
</ conversi onToPr ef erredUni t >
</ Conventi onal Uni t >
</dictionaryEntry>
<di cti onaryEntry>
<BaseUnit gm:id="radi an">
<nane>r adi an</ nane>
<quantityType>angl e</ quantityType>
<uni t sSystem xl i nk: href ="ur n: ogc: ToBeSuppl i ed"/ >
</ BaseUni t >
</dictionaryEntry>
<di cti onaryEntry>
<BaseUnit gm:id="netre">
<nane>net r e</ nane>
<nanme codeSpace="EPSG'>9001</ nane>
<quantityType>l engt h</ quantityType>
<uni t sSystem xl i nk: href =" urn: ogc: SI "/ >
</ BaseUni t >
</dictionaryEntry>
<di cti onaryEntry>
<BaseUnit gm:id="unity">
<nane>uni t | ess</ nane>
<quantityType>scal e factor</quantityType>
<uni t sSystem xl i nk: href ="ur n: ogc: ToBeSuppl i ed"/ >
</ BaseUni t >
</dictionaryEntry>
</Dictionary>
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E.9 Referencing a coordinate reference system

The coordinate reference system (CRS) used by coordinates is referenced in the geometry
XML elements defined by GML, and in a number of other places. GML 2 was limited to
use of only well-known CRSs, so this reference to a CRS was abbreviated by a single
attribute name and value, such as:

srsNane=" EPSG 4326"

GML 3 still uses the srsName attribute, with type xsd:anyURI. This srsName might still
be "EPSG:4326”, or it can be a pointer to a more complete CRS definition stored
somewhere else. That somewhere else could be any of several places, including:

a) Outside the XML document where it is referenced, such as:

1) Ina dictionary of multiple CRS definitions available electronically from a
specified URL. In this case, the srsName attribute could reference the dictionary,
and the specific item in that dictionary.

2) In a dictionary of multiple CRS definitions not available electronically.
However, the srsName attribute could still reference the dictionary, and the
specific item in that dictionary.

3) Ina catalog or registry service which stores CRS definitions, probably available
electronically. In this case, the srsName attribute could reference the service, and
the specific item available from that service. (The value "EPSG:4326” can be
considered to be a reference to the EPSG registry of CRS definitions.)

b) Inside the XML document where it is referenced, such as:

1) Ina dictionary of one or more CRS definitions stored as metadata in some XML
element in that XML document. (Storing a dictionary of units as metadata is
discussed in Subclause E.2.)

2) Asone or more CRS definitions included in some XML element specified by an
Application Schema based on the GML and/or CRS schemas.

In all cases listed above, the remote CRS definition could be XML encoded as specified
in this document. For example, a XML encoded dictionary of CRS definitions could be
similar to the units Dictionary example given in Subclause E.7. When the CRS definition
is stored outside the XML document where it is referenced (item a) above), the remote
CRS definition would not need to be encoded in XML.

E.10 Example XML for image CRS

This subclause provides an example XML document using the ImageCRS element from
the coordinateReferenceSystems.xsd schema, with its’ contained elements, applied to an
image coordinate reference system that might be used for most 2D images.

<?xm version="1. 0" encodi ng="UTF-8""?>

<I mageCRS xm ns="http://ww. opengi s. net/gnl"
xm ns: gm ="http://ww. opengi s. net/gm "
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xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xm ns: xl i nk="http://ww.w3. org/ 1999/ x| i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/gm
../ crsSchemas/ base/ coor di nat eRef er enceSyst ens. xsd" gm :i d="1 mageCRS1" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<srsName>Ceneri c i mage coordi nate reference systenx/srsNane>
<usesCart esi anCS>
<CartesianCS gnl :id="I1 nageCS1" >
<csName>2D Cartesi an i mage coordi nate systenx/csNanme>
<usesAxi s>
<Coor di nat eSystemAxi s gnl :i d="1 mrageRow"
gm : uonme"ur n: ogc: uom Pi xel Spaci ng" >
<axi sNane>l mage Row Axi s</ axi sNane>
<axi sAbbr ev>R</ axi sAbbr ev>
<axi sDirection>di spl ay down</axi sDirection>
</ Coor di nat eSyst enAxi s>
</ usesAxi s>
<usesAxi s>
<Coor di nat eSystemAxi s gm : i d="1 mageCol utm"
gl : uon¥"ur n: ogc: uom Pi xel Spaci ng" >
<axi sNane>l mage Col unm Axi s</ axi sNane>
<axi sAbbr ev>C</ axi sAbbr ev>
<axi sDirection>di splay right</axisDirection>
</ Coor di nat eSyst emAxi s>
</ usesAxi s>
</ Cart esi anCS>
</ usesCart esi anCS>
<usesl| mageDat une
<l mageDat um gml : i d="1 mageDat umL." >
<dat umNane>| nage Dat um 1</ dat unNane>
<anchor Poi nt >i mage corner 1, 1</anchor Poi nt>
<pi xel I nCel | codeSpace="pi xel | nCel | CodelLi st.xm ">cel |
cent er </ pi xel I nCel | >
</ 1 mageDat une
</ usesl nageDat une
</ | mageCRS>
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Annex F
(informative)

Application schema examples

F.1 Introduction

This annex provides several example Application Schemas based on these CRS Schemas,
each with a corresponding example XML document using that Application Schema plus
the example UML model from which that Application Schemas was converted. For more
information on Application Schemas, see Subclauses 6.3 and A.4.

These XML examples use patterns that are not specified in this document for values of
the "gml:id", "gml:uom", "xlink:href", and "xlink:title" XML attributes.

EDITOR'S NOTE Some of the patterns now used for values of these attributes may be invalid or
inappropriate. I urge reviewers to suggest any needed or desirable improvements.

NOTE For interoperability, the patterns or formats used for the values of these attributes must be
specified somewhere, normally in or with the Application Schema.

F.2 Extended operation parameter definition

F.2.1 Introduction

Many needs are expected for encoding additional information describing coordinate
reference systems and their components. This subclause provides an example of such
extended encoding, applied to Operation Parameters. The following subclauses contain:

a) A draft class diagram of a UML package for an Extended Operation Parameter, which
builds on the UML model in OGC Abstract Specification Topic 2.

b) A draft XML Schema for encoding an Extended Operation Parameter, produced by
converting this UML package.

c) A XML encoding of the possible contents of the <<CodeList>> stereotyped
ParameterType class in this UML package.

d) An example XML document based on this draft XML Schema for encoding an
Extended Operation Parameter

F.2.2 UML package

Figure F.1 is a class diagram of an example UML package for an Extended Operation
Method. This UML package builds on the UML model in OGC Abstract Specification
Topic 2.
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CC_OperationMethod <<CodelList>>
(from CC_CoordinateOperation) ParameterType
0.n + measure
h + length
+ scale
0..n |, tusesParameter + time
+ grid length
<<Abstract>> + angle choice
CC_GeneralOperationParameter + angle
(from CC_Coordinate Operation) + dms angle
+ length or angle
+ string

+ positive integer

+ non negative integer

+ boolean

+ measure list

+ length list

+ scale list

+ angle list

: + time list
ExtendedOperationParameter + grid length list

+ parameterType : ParameterType + velocity list

+ integer list

+ positive integer list

+ any URI

CC_OperationParameter
(from CC_CoordinateOperation)

Figure F.1 — UML package for Extended Operation Method

F.2.3  Application schema

This subclause contains an example XML Schema for encoding an Extended Operation
Parameter, produced by converting the above UML package. This XML Schema builds
on the coordinateOperations.xsd XML Schema contained in Subclause C.6. This draft
XML Schema is written following the same GML 3 patterns and ISO 19118 XML
encoding rules as used in the XML Schemas in Annex C. This draft XML Schema is
written as an Application Schema in a different namespace.

This example XML Schema is:

<?xm version="1. 0" encodi ng="UTF-8""?>
<schemma t ar get Nanmespace="htt p://ww. opengi s. net/ exanpl es"
xm ns: ex="http://ww. opengi s. net/ exanpl es"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xm ns: gm ="http://ww. opengi s. net/gn"
xm ns="http://ww.w3. org/ 2001/ XM_Schema" el erment For nDef aul t =" qual i fi ed"
version="0.2.0" xm :lang="en">
<annot at i on>
<docunent ati on>
<nanme>ext endedOper at i onPar anet er . xsd</ nane>
<versi on>0. 2. 0</ ver si on>
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<scope>How to encode extended information for operation
paraneters. </scope>

<descri pti on>Exanpl e Application Schema to encode extended
i nformati on for operation parameters. Builds on
coor di nat eOperati ons. xsd, and follows same G\ 3 patterns and | SO 19118
encoding. Witten in the "ex" namespace. Primary editor: Arliss
Wi t esi de. Last updated 2003/09/19. </description>

<copyri ght >Copyri ght (c) 2003 Opend S, Al Rights
Reserved. </ copyri ght >

<conf or mance>Thi s schena encodes a draft Extended Operation
Par anet er package that builds on the Coordi nate Qperation (CC) package
of the extended UML Model for OGC Abstract Specification Topic 2:
Spati al Referencing by Coordinates. That draft package defines a
subtype of the CC OperationParaneter class for recording nore
i nformation. </conformnce>

</ docunent ati on>
</ annot ati on>

<!-- o e e —————————————————————————————
i ncl udes and i nports

s ——————————— -->

<i nport namespace="http://ww. opengi s. net/gm"

schemaLocati on="../crsSchemas/ base/ coor di nat eOper ati ons. xsd"/ >

<!-- o e e —————————————————————————————
el ements and types

s ——————————— -->

<el enent name="Ext endedQper at i onPar anet er "
t ype="ex: Ext endedQper at i onPar anet er Type"
substituti onG oup="gm : Cperati onParaneter”/>
<!-- ooy
<conpl exType nane="Ext endedOper ati onPar anet er Type" >
<annot at i on>
<docunent ati on>Ext ended definition of an operation paraneter.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gnl : Qper ati onPar anet er Type" >
<sequence>
<el enent ref="ex: paraneterType"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>

<!-- s —g——r—— > ]
<el enent name="par anet er Type" type="ex: Par anet er TypeType"/ >
<!-- e

<conpl exType nane="Par anet er TypeType" >
<annot at i on>
<documnent ati on>Data type of an operation paraneter. Usually
refers to a data type defined in neasures.xsd or allowed in the
Par aret er Val ueType of coordi nat eQperati ons. xsd. </docunentation>
</ annot ati on>
<si mpl eCont ent >
<restriction base="gm : CodeType" >
<attribute name="codeSpace" type="anyURlI " use="required">
<annot at i on>
<docunent ati on>Ref erence to a source of information
speci fying the val ues and nmeani ngs of all the allowed string values for
thi s Paraneter TypeType. </docunentation>
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</ annot ati on>
</attribute>
</restriction>
</ si npl eCont ent >
</ conpl exType>
<' - - s ——————— R
<el enent name="ext endedQper at i onPar anet er Ref "
t ype="ex: ext endedQper at i onPar anet er Ref Type"
substituti onG oup="gm : operati onParanet er Ref"/ >
<' - - s —————————————————————————— ) >
<conpl exType nane="ext endedOper at i onPar anet er Ref Type" >
<annot at i on>
<docunent ati on>Associ ati on to an Extended Qperation Paraneter
either referencing or containing the definition of that Parameter
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl: Qperati onPar anet er Ref Type" >
<sequence>
<el enent ref="ex: Ext endedOper ati onPar anet er"
m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeG oup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
</ schema>

F.2.4 Standard contents of parameterType

A standard set of allowed values and their meanings for the parameterType element is
specified in the <<CodeList>> stereotyped class in the UML model that was converted.

Those string values and their meanings are specified in the following UML document,
using the XML Schema defined in Subclause D.2:

<?xm version="1. 0" encodi ng="UTF-8""?>
<CodelLi stDi ctionary xm ns="http://ww. opengi s. net/exanpl es"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xsi : schemalLocati on="htt p://ww. opengi s. net/ ex codeLi stDi ctionary. xsd"
gm i d="par anet er Type" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/18. -->
<gnml : description>Data type of an operation paraneter. Usually refers
to a data type defined in nmeasures.xsd or allowed in the
Par amet er Val ueType of coordi nat eQperations. xsd. </gm:description>
<gnl : nane>par anet er Type</ gnl : nane>
<codeEnt ry>
<CodeDefinition gm:id="neasure">
<gnl : descri pti on>General nuneric value of an operation
parameter, with its associated unit of neasure. </gm:description>
<code>neasur e</ code>
</ CodeDefinition>
</ codeEntry>
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<codeEnt ry>
<CodeDefinition gm:id="Ilength">
<gml : descri pti on>Val ue of a length (or distance) quantity,
with its units. Uses the MeasureType with the restriction that the unit
of measure referenced by uom nust be suitable for a I ength, such as
netres or feet. </gm:description>
<code>| engt h</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="scal e">
<gnl : descri pti on>Val ue of a scale factor (or ratio) that has
no physical unit. Uses the MeasureType with the restriction that the
unit of neasure referenced by uom nust be suitable for a scale factor
such as one, percent, pernil, or parts-per-mllion. </gm:description>
<code>scal e</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="tine">
<gnm : description>Value of a tine or tenporal quantity, with
its units. Uses the MeasureType with the restriction that the unit of
nmeasure referenced by uom nust be suitable for a time value, such as
seconds or weeks. </gnl:description>
<code>ti me</ code>
</ CodeDefi niti on>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="gridLength">
<gnl : descri pti on>Val ue of a length (or distance) quantity in a
grid, where the grid spacing does not have any associ ated physi ca
units, or does not have a constant physical spacing. This grid | ength
will often be used in a digital image grid, where the base units are
likely to be pixel spacings. Uses the MeasureType with the restriction
that the unit of neasure referenced by uom nust be suitable for length
al ong the axes of a grid, such as pixel spacings or grid
spaci ngs. </ g : descri pti on>
<code>gri d | engt h</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="angl eChoi ce">
<gml : descri pti on>Val ue of an angle quantity provided in either
degree-ni nute-second format or single value format. </gml:description>
<code>angl e choi ce</code>
</ CodeDefi nition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="angle">
<gni : descri pti on>Val ue of an angle quantity recorded as a
single nunber, with its units. Uses the MeasureType with the
restriction that the unit of measure referenced by uom nust be suitable
for an angle, such as degrees or radians. </gm:description>
<code>angl e</ code>
</ CodeDefiniti on>
</ codeEntry>
<codeEntry>
<CodeDefinition gm :id="dnsAngl e">
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<gm : descri pti on>Val ue of an angle operation paraneter, in
ei t her degree-m nute-second format or single value fornat.
</ gm : description>
<code>dns angl e</ code>
</ CodeDefiniti on>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="1engthO Angl e">
<gml : descri pti on>Val ue of a length or angle quantity, where an
angl e can be recorded in either degree-ninute-second format or single
value format. Often used for horizontal ground coordinates.
</ gm : descri pti on>
<code>| ength or angl e</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="string">
<gml : description>String value of an operation paranmeter. A
string val ue does not have an associated unit of measure.
</ gm : descri ption>
<code>st ri ng</ code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="positivelnteger">
<gml : descripti on>Positive integer value of an operation
paraneter, usually used for a count. An integer val ue does not have an
associ ated unit of measure. </gm:description>
<code>positive integer</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="nonNegati vel nt eger">
<gnl : descri pti on>Zero or positive integer value of an
operation paraneter. An integer value does not have an associ ated unit
of measure. </gn:description>
<code>non negative integer</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="bool ean">
<gnl : descri pti on>Bool ean val ue of an operation paraneter. A
Bool ean val ue does not have an associ ated unit of neasure.
</ gm : description>
<code>bool ean</ code>
</ CodeDefi nition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="measurelist">
<gm : descri pti on>Ordered sequence of two or nmore nuneric
val ues of an operation paraneter |ist, where each val ue has the sane
associ ated unit of nmeasure. An elenent of this type contains a space-
separated list of double values. </gml:description>
<code>neasure |ist</code>
</ CodeDefiniti on>
</ codeEntry>
<codeEntry>
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<CodeDefinition gm:id="IlengthList">
<gnl : descri pti on>Ordered sequence of two or nore nuneric
val ues of an operation paraneter list of Length measures. Each val ue
has the sane associated unit of measure suitable for a |l ength, such as
netres or feet. An elenment of this type contains a space-separated |i st
of doubl e val ues. </gmi:description>
<code>l ength |i st</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="scal eList">
<gnl : descri pti on>Ordered sequence of two or nore nuneric
val ues of an operation paranmeter list of Scal e neasures. Each val ue has
t he sane associated unit of measure suitable for a scale factor, such
as one, percent, pernil, or parts-per-mllion. An elenment of this type
contains a space-separated |list of double values. </gm:description>
<code>scal e |i st</code>
</ CodeDefiniti on>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="angl eList">
<gnl : descri pti on>Ordered sequence of two or nore nuneric
val ues of an operation paraneter |ist of Angle neasures, each recorded
as a single nunber. Each val ue has the sane associated unit of neasure
suitable for an angle, such as degrees or radians. An elenment of this
type contains a space-separated |ist of double val ues.
</ gm : descri pti on>
<code>angl e |i st</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="tineList">
<gml : descri pti on>Ordered sequence of two or nore nuneric
val ues of an operation paraneter list of Time measures, each recorded
as a single nunber. Each val ue has the sane associated unit of measure
suitable for a tine value, such as seconds or days. An elenent of this
type contains a space-separated |ist of double val ues.
</ gm : description>
<code>tinme |ist</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm :id="gridLengthList">
<gml : descri pti on>Ordered sequence of two or nore nuneric
val ues of an operation paraneter list of Gid Length neasures. Each
val ue has the sane associated unit of neasure suitable for |Iength al ong
the axes of a grid, such as pixel spacings or grid spacings. An el ement
of this type contains a space-separated |list of double val ues.
</ gm : descri ption>
<code>grid length |ist</code>
</ CodeDefinition>
</ codeEntry>
<codeEntry>
<CodeDefinition gm:id="vel ocityList">
<gm : descri pti on>Ordered sequence of two or nore nuneric
val ues of an operation paraneter list of Velocity neasures. Each val ue
has the sane associated unit of neasure suitable for a velocity, such
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as nmetres per second or mles per hour. An elenent of this type
contains a space-separated |list of double values. </gm:description>
<code>vel ocity |ist</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="integerlList">
<gml : descri pti on>Ordered sequence of two or nore integer
val ues of an operation paraneter list, usually used for counts. These
i nteger values do not have an associated unit of measure. An el enent of
this type contains a space-separated |ist of integer val ues.
</ gm : descri pti on>
<code>i nteger |ist</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="positivelntegerList">
<gnl : descri pti on>Ordered sequence of two or nmore positive
i nteger values of an operation paranmeter list, usually used for counts.
These integer values do not have an associated unit of measure. An
el emrent of this type contains a space-separated |ist of integer val ues.
</ gm : descri pti on>
<code>positive integer |ist</code>
</ CodeDefinition>
</ codeEntry>
<codeEnt ry>
<CodeDefinition gm:id="anyURl ">
<gml : descripti on>Reference to a file or a part of a file
cont ai ni ng one or nore paraneter values, each nuneric value with its
associ ated unit of neasure. Wen referencing a part of a file, that
file must contain multiple identified parts, such as an XM. encoded
docunent. Furthernore, the referenced file or part of a file can
ref erence another part of the same or different files, as allowed in
XM. docunents. </gm:description>
<code>anyURI </ code>
</ CodeDefi niti on>
</ codeEntry>
</ CodeLi stDi cti onary>

F.2.5 Example XML document

An example XML document based on this example XML Schema for encoding Extended
Operation Parameters applied to the Transverse Mercator Operation Method is:

NOTE Subclause E.5 provides a corresponding example XML document not using an Application
Schema

<?xm version="1.0" encodi ng="UTF-8"7?>

<Qper ati onMet hod xm ns="http://ww. opengi s. net/gm "

xm ns: gm ="http://ww. opengi s. net/gm "

xm ns: ex="http://ww. opengi s. net/ exanpl es"

xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"

Xxsi : schemalLocati on="htt p://ww. opengi s. net/ exanpl es

ext endedCper at i onPar anet er. xsd" gnl : i d="EPSE807" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/19. -->
<met hodNanme>Tr ansver se Mer cat or </ met hodNane>
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<met hodl D>
<nanme codeSpace="EPSG'>9807</ nane>
<versi on>6. 0</ versi on>
</ met hodl D>
<nmet hodFor mul a>See Section 1.4.6 "Transverse Mercator" of EPSG
i dance Note 7, Decenber 2000. </nethodFormul a>
<sour ceDi mensi ons>2</ sour ceDi mensi ons>
<t ar get Di mensi ons>2</t ar get Di mensi ons>
<usesPar anet er >
<ex: Ext endedQper at i onPar anet er gm :i d="EPSG3801" >
<par anmet er Nane>Lat i tude of natural origi n</paraneter Nane>
<par anet er | D>
<nane codeSpace="EPSG'>8801</ nane>
<versi on>6. 0</ ver si on>
</ paraneter| D>
<ex: par amet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Angl eChoi ceType</ ex: par anet er Type
>

e

</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<ex: Ext endedQper at i onPar anet er gnl : i d="EPSG3802" >
<par anet er Nanme>Longi t ude of natural origin</paraneterNane>
<par anet er | D>
<name codeSpace="EPSG'>8802</ nane>
<ver si on>6. 0</ ver si on>
</ paraneter| D>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Angl eChoi ceType</ ex: par anet er Type
>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<ex: Ext endedQper at i onPar anet er gm : i d="EPSG3805" >
<par amet er Nane>Scal e factor at natural origi n</paraneterNanme>
<par anet er | D>
<nanme codeSpace="EPSG'>8805</ nane>
<versi on>6. 0</ ver si on>
</ par anet er| D>
<ex: par anet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Scal eType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<ex: Ext endedOper ati onPar anet er gmi : i d="EPSG3806" >
<par anet er Nane>Fal se Easti ng</ par anet er Nane>
<par anet er | D>
<nane codeSpace="EPSG'>8806</ nane>
<versi on>6. 0</ versi on>
</ paraneter| D>
<ex: paranet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Lengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<ex: Ext endedOper at i onPar anet er gm : i d="EPSG3807" >
<par anet er Nane>Fal se Nort hi ng</ par anet er Nane>
<par anet er | D>
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<nanme codeSpace="EPSG'>8807</ nane>
<ver si on>6. 0</ ver si on>
</ par anet er| D>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Lengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
</ OQper at i onMet hod>

F.3 Transverse Mercator conversion

F.3.1 Introduction

Standardized XML encoding is needed for a number of specific commonly-used types of
coordinate conversions and transformations. This subclause provides an example of one
such encoding, applied to one commonly-used conversion type, namely the Transverse
Mercator map projection. The following subclauses contain:

a) A draft class diagram of a UML package for the Transverse Mercator type of map
projection, which builds on the UML model in OGC Abstract Specification Topic 2.

b) A draft XML Schema for encoding a Transverse Mercator projection, produced by
converting this UML package.

c) Two example XML documents based on this draft XML Schema for encoding an
example Transverse Mercator map projection

F.3.2 UML package

Figure F.2 is a draft class diagram of a UML package for Transverse Mercator map
projections. This class diagram is incomplete in that many of the needed association role
names and multiplicities are not shown due to lack of space. This UML package builds
on the UML model in OGC Abstract Specification Topic 2.

128 © OGC 2003 — All rights reserved



OGC 03-010r9

0..*

CC_Conversion

(from CC_CoordinateOperation)

TransverseMercatorConversion

<<Union>>

CC_ParameterValue

\ (from CC_CoordinateOperation)

LatitudeOfNaturalOriginValue

7

+ angleValue : Angle

LongitudeOfNaturalOriginValue

ScaleFatorAtNaturalOriginValue

+ angleValue : Angle

+ scaleValue : Scale

0..n

FalseEastingValue

+ lengthValue : Length

FalseNorthingValue

+ lengthValue : Length
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+valueOfParameter

CC_OperationParameter
(from CC_CoordinateOperation)

1

<<Abstract>>
CC_GeneralOperationParamet
er
(from CC_CoordinateOperation)

+usesParameter /|* 0..n

0..n

CC_OperationMethod

(from CC_CoordinateOperation)

+valueOfParameter

+usesMethod

Figure F.2 — UML package for Transverse Mercator projection
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F.3.3  Application schema

This subclause contains an example XML Schema for encoding a Transverse Mercator
projection, produced by converting the above UML package. This XML Schema builds
on the coordinateOperations.xsd XML Schema contained in Subclause C.6. This draft
XML Schema is written following the same GML 3 patterns and ISO 19118 XML
encoding rules as used in the XML Schemas in Annex C. This draft XML Schema is
written as an application schema in a different namespace. Of course, it could be
rewritten as an additional XML Schema in the GML namespace, and would be similar.

EDITORS NOTE: In this draft XML Schema, I included documentation element text based on my limited
understanding of the Transverse Mercator map projection. I urge John Bobbitt, Roel Nicolai, and others to
suggest improvements in the wording of these documentation elements.

This draft XML Schema is:

<?xm version="1.0" encodi ng="UTF-8"7?>
<schemmn t ar get Nanespace="htt p: //ww. opengi s. net/ exanpl es"
xm ns: ex="http://ww. opengi s. net/ exanpl es"
xm ns: xl i nk="http://ww.w3. org/ 1999/ xl i nk"
xm ns: gm ="http://ww. opengi s.net/gn"
xm ns="http://ww. w3. or g/ 2001/ XM_.Schema" el enment For nDef aul t ="qual i fi ed"
xm : I ang="en" >
<annot at i on>
<docunent ati on>

<nane>transver seMer cat or . xsd</ name>

<ver si on>0. 2</ ver si on>

<scope>How to encode definition of specific Transverse
Mer cat or conversi on. </scope>

<descri pti on>Exanpl e Application Schema to encode the data
needed to define a specific Transverse Mercator type of map projection
which is a coordinate conversion. Builds on coordi nat eQperati ons. xsd,
and follows same GWL 3 patterns and |1SO 19118 encoding. Witten in the
"ex" nanespace. Primary editor: Arliss Wiiteside. Last updated
2003/ 09/ 19. </ description>

<ref erence>Gui dance Note Nunber 7 "Coordi nate Conversions and
Transformations including Formulas" (avail abl e through
http://ww. epsg.org/), especially Section 1.4.6 "Transverse Mercator".
</reference>

<copyri ght >Copyri ght (c) 2002-2003 Opend@ S, Al Rights
Reserved. </ copyri ght >

<conf ormance>Thi s schenma encodes a draft Transverse Mercator
package that builds on the Coordinate Operation (CC ) package of the
extended UML Mbdel for OGC Abstract Specification Topic 2: Spati al
Ref erenci ng by Coordi nates. That draft package defines restricted
subt ypes of the CC _Conversion and CC ParaneterVal ue cl asses as needed
for the Transverse Mercator mmp projection conversion. </conformance>

</ docunent ati on>
</ annot ati on>

<! - - S S S S . T, . T, T, . T, T, . T T T S . S S T S S . S S S S S S S S S S
i ncl udes and i nports
s s —————r— >
<i nport namespace="http://ww. opengi s. net/gm"
schemaLocati on="../crsSchemas/ base/ coor di nat eOper ati ons. xsd"/ >

<' - - S S S S . T, . T, T, . T, T, . T T T S . S S T S S . S S S S S S S S S S
el ements and types
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<el ement nane="Transver seMer cat or Conver si on"
type="ex: Transver seMer cat or Conver si onType"
substituti onG oup="gm :_General Conversion"/>
<' - - s —————————————————————————— ) >
<conpl exType nane="Transver seMer cat or Conver si onType" >
<annot at i on>
<document ati on>Speci fi ¢ Transverse Mercator map projection
Uses t he Abstract General ConversionType with restricted val ues for
i ncluded el enents, including elenments in the coordi nateQperationlD
element with the IdentifierType. |If appropriate, the "codeSpace"
el ement shoul d have the string value "EPSG', and the "code" el enent
shoul d then have the appropri ate EPSG code val ue. The other elenents in
the ldentifierType can be onitted. The "coordi nat eOperati onNane"
el emrent shall have a string value that nanes a specific Transverse
Mercat or map projection. The " _Positional Accuracy" and
"met aDat aProperty" el enents can be onmtted. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Conver si onType" >
<sequence>
<el enent ref="gn : usesMet hod"/ >
<el enent ref="ex:useslLatitudeO Natural Oigi nvVal ue"/>
<el enent ref="ex:usesLongitudeC Natural Oigi nVal ue"/ >
<el enent ref="ex: usesScal eFact or At Nat ural Ori gi nvVal ue"/ >
<el enent ref="ex: usesFal seEasti ngVval ue"/ >
<el enent ref="ex: usesFal seNort hi ngVval ue"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - s ———— S
<el enent name="transver seMer cat or Conver si onRef "
type="ex: Tranver seMer cat or Conver si onRef Type"
substituti onG oup="gm : gener al Conver si onRef "/ >
<| - - s ——————— R
<conpl exType nane="Tranver seMer cat or Conver si onRef Type" >
<annot at i on>
<docunent ati on>Associ ati on to a Transverse Mercator
Conversion, either referencing or containing the definition of that
Conversi on. </docunentation>
</ annot ati on>
<conpl exCont ent >
<restriction base="gnl: General Conver si onRef Type" >
<sequence>
<el ement ref="ex: Transver seMer cat or Conver si on"
m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
</ conpl exType>
<! - - s
<' - - e ————————————————————————— ) >
<el enent name="useslLatitudeCOf Natural Oi gi nVal ue"
t ype="ex: Angl eVal ueType"
substituti onG oup="gnl : _general Par anet er Val ue" >
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<annot at i on>
<docunent ati on>Val ue of the Latitude of the natural origin
parameter for a specific coordi nate conversion. </docunentation>
</ annot ati on>
</ el ement >
<!-- s ——————— R
<el enent nanme="useslLongi t udeX Nat ural Ori gi nVal ue"
t ype="ex: Angl eVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>Val ue of the Longitude of the natural origin
(or central neridian) paraneter for a specific coordinate conversion
</ docunent ati on>
</ annot ati on>
</ el ement >
<!-- s ———————
<el enent name="usesScal eFact or At Nat ur al Ori gi nVal ue"
t ype="ex: Scal eVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>Val ue of the scale factor at the natural origin
(on the central neridian) paraneter for a specific coordinate
conversion. </docunentation>
</ annot ati on>
</ el ement >
<!-- s ———————
<el enent name="usesFal seEasti ngVal ue" type="ex: Lengt hVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>Val ue of the fal se Easting coordinate of the
origin paranmeter for a specific coordinate conversion. </docunentation>
</ annot ati on>
</ el ement >
<!-- sy
<el enent name="usesFal seNort hi ngVal ue" type="ex: LengthVal ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<document ati on>Val ue of the fal se Northing coordi nate of the
origin paranmeter for a specific coordinate conversion. </docunentation>
</ annot ati on>
</ el emrent >
<!-- s e —————————r— >
<!-- s
<conpl exType nanme="Angl eVal ueType" >
<annot ati on>
<docunent ati on>Angl e neasure operation paraneter val ue.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gml : Abstract Gener al Par anet er Val ueType" >
<sequence>
<choi ce>
<el enent ref="ex: angl eval ue"/ >
<el enent ref="gnl : dmsAngl eVal ue"/ >
</ choi ce>
<el enent ref="gn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
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</ conpl exCont ent >
</ conpl exType>
<!-- sy
<conpl exType nanme="Scal eVal ueType" >
<annot at i on>
<docunent ati on>Scal e neasure operation paraneter val ue.
</ docunent at i on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex: scal eval ue"/ >
<el enent ref="gm :val ueOX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- ooy
<conpl exType nanme="Lengt hVal ueType" >
<annot at i on>
<docunent ati on>Lengt h neasure operati on paraneter val ue.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex: | engthVal ue"/>
<el enent ref="gn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- sy
<!-- sy
<el enent name="angl eVal ue" type="gmi : Angl eType"
substituti onG oup="gmnl : val ue">
<annot at i on>
<document ati on>Angl e val ue of an operation paraneter, recorded
as a single nunber, with a unit of neasure suitable for an angle, such
as degrees or radians. </docunentation>
</ annot ati on>
</ el emrent >
<!-- s
<el enent nanme="scal eVal ue" type="gmi : Scal eType"
substituti onG oup="gm : val ue">
<annot at i on>
<docunent ati on>Scal e factor val ue of an operation paraneter,
with a unit of measure suitable for a scale factor, such as percent,
perm |, or parts-per-nillion. </docunentation>
</ annot ati on>
</ el emrent >
<!-- sy ——————r— S
<el enent name="I| engt hVal ue" type="gm : Lengt hType"
substituti onG oup="gm :val ue">
<annot ati on>
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<docunent ati on>Lengt h val ue of an operation paraneter, with a
unit of neasure suitable for a length, such as netres or feet.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - s ——————— R
</ schema>

F.3.4 Example XML documents

An example XML document based on this example XML Schema for encoding an
example Transverse Mercator map projection is:

<?xm version="1. 0" encodi ng="UTF-8""?>
<Transver seMer cat or Conver si on xm ns="http://ww. opengi s. net/exanpl es
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: xl i nk="http://ww.w3. org/ 1999/ xl i nk"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xsi :schemalLocati on="htt p://ww. opengi s. net/ exanpl es
transver seMercat or. xsd" gnl :i d="EPSGL9916" >
<l-- Exanple XM. docunent. Prinmary editor: Arliss Whiteside. Last
updat ed 2003/09/19. -->
<!-- SourceCRS: EPSG 4277 OSGB 1936 -->
<!-- TargetCRS: EPSG 27700 OSGB 1936 / British National Gid -->
<gnl : coor di nat eCper ati onNane>Tr ansver se
Mer cat or </ gl : coor di nat eQper at i onNane>
<gm : val i dArea>
<gnl : description>United Kingdom (UK) - Great Britain - England
Scot | and Wal es - onshore; Isle of Man. </gnl:description>
</ gm :val i dArea>
<gm : usesMet hod xl i nk: href ="urn: ogc: srs: EPSG : 9807"/ >
<useslatitudeO Natural Ori gi nVal ue>
<angl eVal ue uon¥"ur n: ogc: uom degr ee" >49</ angl eVal ue>
<gml : val ueOf Par anet er xlink: href="urn: ogc: paraneter: EPSG : 8801"/ >
</ useslLatitudeC Nat ural Oi gi nVal ue>
<useslLongi t udeCOf Nat ur al Ori gi nVal ue>
<angl eVal ue uon¥"urn: ogc: uom degr ee" >- 2</ angl eVal ue>
<gnl : val ueX Par anet er xlink: href="urn: ogc: par anet er: EPSG : 8802"/ >
</ usesLongi t udeOf Nat ur al Ori gi nVal ue>
<usesScal eFact or At Nat ur al Ori gi nVal ue>
<scal eVal ue uonme"urn: ogc: uom uni ty">0.999601272</ scal eVal ue>
<gm : val uef Par anet er xlink: href="urn: ogc: paranet er: EPSG : 8805"/ >
</ usesScal eFact or At Nat ur al Ori gi nVal ue>
<usesFal seEasti ngVval ue>
<l engt hVal ue uom="ur n: ogc: uom netr e">400000</ | engt hVal ue>
<gm : val uef Par anet er xlink: href="urn: ogc: paranet er: EPSG : 8806"/ >
</ usesFal seEasti ngVal ue>
<usesFal seNort hi ngVal ue>
<l engt hVal ue uonm="ur n: ogc: uom netre">-100000</ | engt hVal ue>
<gnl : val ueOf Par anet er xlink: href="urn: ogc: paraneter: EPSG : 8807"/ >
</ usesFal seNort hi ngVal ue>
</ Transver seMer cat or Conver si on>

The above XML example assumes that the Application Schema specified in Subclause
F.3.3 is accessible using the location transverseMercator.xsd. This example also assumes
that (complete) information for the Transverse Mercator OperationMethod is available
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elsewhere, referenced by ur n: ogc: srs: EPSG : 9807. Example XML for that
OperationMethod information is given in Subclauses E.5 and F.2.4. Alternately, this
OperationMethod information could be included in-line in the longer example XML
document:

<?xm version="1.0" encodi ng="UTF-8"7?>
<Transver seMer cat or Conver si on xm ns="http://ww. opengi s. net/exanpl es"
xm ns: gm ="http://ww. opengi s. net/gn"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
Xxsi : schemalLocati on="htt p://ww. opengi s. net/ exanpl es
transver seMercat or. xsd" gnl :i d="EPSG19916" >
<l-- Exanple XM. docunent. Primary editor: Arliss Whiteside. Last
updat ed 2003/09/19. -->
<I-- SourceCRS: EPSG 4277 OSGB 1936 -->
<l-- Target CRS: EPSG 27700 OSGB 1936 / British National Gid -->
<gnl : coor di nat eOper ati onNane>Tr ansver se
Mer cat or </ gm : coor di nat eQper at i onNane>
<gnl : coor di nat eQper ati onl D>
<gnl : nane codeSpace="EPSG'>19916</ gm : nane>
<gnl : versi on>6. 0</ gm : ver si on>
</ gm : coor di nat eQper ati onl D>
<gm : val i dAr ea>
<gm : description>United Kingdom (UK) - Geat Britain - England
Scotl and Wal es - onshore; Isle of Man. </gmi:description>
</ gm :val i dArea>
<gm : usesMet hod>
<gm : Oper ati onMet hod gnl : i d="EPSG807" >
<gm : met hodNanme>Tr ansver se Mer cat or </ gm : met hodNane>
<gnl : met hodl D>
<gnl : nane codeSpace="EPSG'>9807</ gni : nane>
<gm : ver si on>6. 0</ gnm : ver si on>
</ gm : nmet hodl D>
<gm : met hodFor nul a>See Section 1.4.6 "Transverse Mercator" of
EPSG Gui dance Note 7, Decenber 2000. </gmi: et hodFornul a>
<gnl : sour ceDi nensi ons>2</ gnl : sour ceDi nensi ons>
<gnl : t ar get Di mensi ons>2</ gnl : t ar get Di mensi ons>
<gml : usesPar anet er >
<gm : Qper ati onParaneter gnl:id="EPSG3801" >
<gnl : par anet er Nane>Lat i t ude of natural
ori gi n</ gm : par anet er Nane>
<gnl : par anet er | D>
<gn : nane codeSpace="EPSG'>8801</ gnl : nane>
<gn : ver si on>6. 0</ gn : ver si on>
</ gm : paranet er| D>
</ gm : Oper at i onPar anet er >
</ gm : usesPar anet er >
<gnl : usesPar anet er >
<gnml : Qper ati onParaneter gnl:i d="EPSG3802" >
<gnl : par anet er Name>Longi t ude of natural
ori gi n</ gm : par anet er Nane>
<gnl : par anet er | D>
<gnl : nane codeSpace="EPSG' >8802</ gnl : nane>
<gm : ver si on>6. 0</ gn : ver si on>
</ gm : paranet er | D>
</ gm : Oper ati onPar anet er >
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</ gm : usesPar anet er >
<gnl : usesPar anet er >
<gm : Qper ati onParaneter gnl :i d="EPSG3805" >
<gnl : par anet er Nane>Scal e factor at natural
ori gi n</ gmi : par anmet er Nane>
<gnl : par anet er | D>
<gnl : nane codeSpace="EPSG'>8805</ gni : nane>
<gm : ver si on>6. 0</ gn : ver si on>
</ gm : paraneterl D>
</ gm : Oper ati onPar anet er >
</ gm : usesPar anet er >
<gnl : usesPar anet er >
<gm : Qper ati onParaneter gnl :i d="EPSG3806" >
<gnl : par anet er Nanme>Fal se Easti ng</gm : par anet er Nane>
<gm : par anet er | D>
<gnl : nane codeSpace="EPSG'>8806</ gni : nane>
<gnl : ver si on>6. 0</ gm : ver si on>
</ gm : paraneterl D>
</ gm : Oper at i onPar anet er >
</ gm : usesPar anet er >
<gnl : usesPar anet er >
<gnl : Qper ati onParaneter gnl:id="EPSG807" >
<gmnl : par anet er Nanme>Fal se Nort hi ng</ gm : par anet er Nane>
<gnl : par anet er | D>
<gnl : nane codeSpace="EPSG'>8807</ gmi : nane>
<gm : versi on>6. 0</ gm : ver si on>
</ gm : paranet er | D>
</ gm : Oper at i onPar anet er >
</ gm : usesPar anet er >
</ gm : Oper ati onMet hod>
</ gm : usesMet hod>
<useslatitudeO Natural Ori gi nVal ue>
<angl eVal ue uon¥"ur n: ogc: uom degr ee" >49</ angl eVal ue>
<gm : val ueOf Par anet er xlink: href ="#EPSG3801"/ >
</ useslLatitudeC Nat ural Oi gi nVal ue>
<useslLongi t udeCOf Nat ur al Ori gi nVal ue>
<angl eVal ue uon¥"ur n: ogc: uom degr ee" >- 2</ angl eVal ue>
<gnml : val ueOf Par anet er xlink: href ="#EPSG3802"/ >
</ useslLongi t udeOr Nat ur al Ori gi nVal ue>
<usesScal eFact or At Nat ur al Ori gi nVal ue>
<scal eVal ue uonme"urn: ogc: uom uni ty">0.999601272</ scal eVal ue>
<gnl : val ue Par anet er xl i nk: href ="#EPSG805"/ >
</ usesScal eFact or At Nat ur al Ori gi nVal ue>
<usesFal seEasti ngVval ue>
<l engt hVal ue uonm="urn: ogc: uom net r e">400000</ | engt hVal ue>
<gnm : val uef Par anet er xlink: href ="#EPSG3806"/ >
</ usesFal seEast i ngVal ue>
<usesFal seNort hi ngVal ue>
<l engt hVal ue uonm="ur n: ogc: uom netre">- 100000</ | engt hVal ue>
<gm : val ueOf Par anet er xl i nk: href =" #EPSG3807"/ >
</ usesFal seNort hi ngVal ue>
</ Transver seMer cat or Conver si on>
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F.4 Universal image geometry model transformation

F.4.1 Introduction

Standardized XML encoding is needed for a number of frequently-used types of image
coordinate transformations. This subclause provides an example of one such encoding,
applied to an example image coordinate transformation. That example type of image
coordinate transformation is the one described in Section 6.5 of OGC Abstract
Specification Topic 7: The Earth Imagery Case, namely the Universal Image Geometry
Model (UIGM). That UIGM transformation is from a 3D ground coordinate reference
system to a 2D image coordinate reference system, and has been simplified here for
brevity. The following subclauses contain:

a) A draft class diagram of a UML package for this simplified UIGM transformation,
which builds on the UML model in OGC Abstract Specification Topic 2.

b) Two draft XML Schemas for encoding this simplified UIGM transformation,
produced by converting this UML package.

c) An example XML document based on this draft XML Schema for encoding an
example UIGM transformation, plus an example XML document based on the
Application Schema in Subclause F.2.3 for encoding the Operation Method used by
this UIGM transformation.

F.4.2 UML package

Figures F.3 to F.7 contain the five parts of a draft class diagram of a UML package for
this simplified UIGM transformation. Figure F.3 shows the top level of the class diagram,
without showing the components of the SectionParametersGroup and
MonoscopicErrorsGroup. This diagram is incomplete in that some of the needed
association role names and multiplicities are not shown due to lack of space. Figure F.4
shows the top level within the SectionParametersGroup, without showing the components
of the NormalizationParametersGroup and PolynomialGroup. Figure F.5 shows one
example parameter value in the NormalizationParametersGroup, with a note listing the
other nine parameter values. Figure F.6 shows two example parameter values in the
PolynomialGroup, with a note listing the six other parameter values. Figure F.7 shows the
complete contents of the MonoscopicErrorsGroup.
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<<Union>> 0.n |
CC_ParameterValue UIGM1Transformation CC_Transformation CC_ParameterValueGroup
(from CC_CoordinateOperation) (from CC_CoordinateOperation) (from CC_CoordinateOperation)

. /A

7

1 » 1
ImageldValue VersionValue SectionParameters Group MonoscopicErmors Group
+ stringValue : CharacterString + integerValue : Integer
0..* 0..n
0..n 1 0.* 1
LinearCoefficientsValue NumberSectionsValue
+ scaleValuelist : Sequence<Scale> + integerValuelist : Sequence<Integer>
0..* 0..n
1 1 +values OfGroup 1 1|, +valuesOfGroup
1
CC_OperationParameter ! CC_OperationParameterGroup

(from CC_CoordinateOperation) (from CC_CoordinateOperation)

+valueOfParameter
‘ ‘ 0..n

+valueOfParameter

<<Abstract>> 2.*
CC_GeneralOperationParameter
(from CC_CoordinateOperation) +includesParameter

+usesParameter ’|* 0..n

0..n
CC_OperationMethod

(from CC_CoordinateOperation)

+usesMethod

1

Figure F.3 — UML package for UIGM transformation, page 1
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CC_ParameterValueGroup
(from CC_CoordinateOperation)

7

UIGM1Transformation

¢

1..64

SectionParameters Group

+includesNormalization
ParametersGroup

0..*

NormalizationParameters Group

+includesPolyn
1 omialsGroup

Polynomials Group

1

0.*

+valuesOfGroup |, 1

1

+valuesOfGroup

CC_OperationParameterGroup
(from CC_CoordinateOperation)

1

+values OfGroup

<<Union>>
CC_ParameterValue
(from CC_CoordinateOperation)

+includesSection
NumberValue

SectionNumberValue

+ integerValuelList : Sequence<Integer>

0..n

+valueOfParameter .|, 1

CC_OperationParameter
(from CC_CoordinateOperation)

Figure F.4 — UML package for UIGM transformation, page 2
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UIGM1Transformation CC_ParameterValueGroup ==Union=>
(from CC_CoordinateOperation) CC ParameterValue
Z> (from CE_CoordinateOperation)
Nine other value AN
1.64 classes not shown:
SectionParametersGroup NorthOffsetValue
+includesEast <<Union>> VerticalOffsetValue
OffsetValue EastOffsetValue EastScaleValue
0.. _ o + angleValue : Angle — — NorthScaleValue
+includesNormalization 11+ lengthValue : Length VerticalScaleValue
1 ParametersGroup RowOffsetValue
N lizationP tersG ColumnOffsetValue
ormalizationParameters Group 0.* RowScaleValue
ColumnScaleValue
0.*
+valuesOfGroup .|, 1 1.|, +valuesOfGroup +valueOfParameter | 1
CC_OperationParameterGroup CC_OperationParameter
(from CC_CoordinateOperation) (from CC_CoordinateOperation)

Figure F.5 — UML package for UIGM transformation, page 3

© OGC 2003 — All rights reserved 141



OGC 03-010r9

142

UIGM1Transformation CC_ParameterValueGroup <<Union>>
(from CC_CoordinateOperation) CC_ParameterValue
(from CC_CoordinateOperation)
$ Six other value classes not shown:
Z> RowDenominatorPowersValue
RowDenominatorCoefficientsValue
1.64 ColumnNumeratorPowersValue

SectionParameters Group

+valuesOfGroup |, 1

+includesPoly
nomials Group

RowNumeratorPowersValue

ColumnNumeratorCoefficientsValue

+ integerValuelList : Sequence<Integer>

ColumnDenominatorPowersValue

ColumnDenominatorCoefficientsV...

N

1 +includesRowNumerator
PowersValue

Polynomials Group

1
g

0..n ‘

RowNumeratorCoefficientsValue

+includesRowNumerator

1

0..n CoefficientsValue

+valuesOfGroup

CC_OperationParameterGroup
(from CC_CoordinateOperation)

+ scaleValuelist : Sequence<Scale>

0..n

+valueOfParameter 1

1

CC_OperationParameter
(from CC_CoordinateOperation) +valueOfParameter

Figure F.6 — UML package for UIGM transformation, page 4
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UIGM1Transformation CC_ParameterValueGroup <<Union>>
(from CC_CoordinateOperation) CC_ParameterValue
Z> (from CC_CoordinateOperation)
1 +includesReference | 4&
MonoscopicErrors Group P HeightValue ReferenceHeightValue 0..n
1 |+ lengthValue : Length

0..n ’

+includesAbsolute
ErrorValue AbsoluteErrorValue 0.n

+ lengthValue : Length

+includesRelative

0.9 ErrorGroup +includesBinDistances
RelativeErrorGroup Valuez BinDistancesValue on
1 |t lengthValuelList : Sequence<Length>

0..n

+includesBinErrorValue

BinErrorValue
1 |+ lengthValue : Length

+valuesOfGroup |, +valuesOfGroup

1 CC_OperationParameterGroup 0..*
(from CC_CoordinateOperation) +valueOfParameter

+valueOfParameter

+valueOfParameter |, 1 1

CC_OperationParameter 1
(from CC_CoordinateOperation) 1

+valueOfParameter

Figure F.7 — UML package for UIGM transformation, page 5
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F.4.3  Application schemas

This subclause contains example XML Schemas for encoding this simplified UIGM
transformation, produced by converting the above UML package. These XML Schemas
build on the coordinateOperations.xsd contained in Subclause C.6. These draft XML
Schemas are written following the same GML 3 patterns and ISO 19118 XML encoding
rules as used in the XML Schemas in Annex C. These XML Schemas are written as
Application Schema in a different namespace.

The first draft Application Schema is:

<?xm version="1.0" encodi ng="UTF-8""?>
<schenmm t ar get Nanespace="htt p: //ww. opengi s. net / exanpl es"
xm ns="http://wwmv. w3. or g/ 2001/ XM_Schema"
xm ns: gm ="http://ww. opengi s. net/gm "
xm ns: xl i nk="http://ww. w3. org/ 1999/ xI i nk"
xm ns: ex="http://ww. opengi s. net/ exanpl es"
el ement For nDef aul t ="qual i fi ed" xm :lang="en">
<annot at i on>
<docunent ati on>

<nane>Ul GMLt r ansf or mat i on. xsd</ nanme>

<versi on>0. 1. 0</ ver si on>

<scope>How to encode definition of Universal |nage Geonetry
Model for one inage. </scope>

<descri pti on>Exanpl e Application Schema to encode ground-to-
i mmge coordinate transformation data for a specific imge, using the
Uni versal |nmage Geonetry Model type of coordinate transformation as
described in Section 6.5 of OGC Abstract Specification Topic 7 : The
Earth I magery Case (OGC docunent 99-107). This exanpl e does not encode
data for the i mage correction tables, stereoscopic position error
esti mates, and nost information not used by the inmage geonetry nodel
Bui | ds on coordi nat eOperations. xsd and typedVal ues. xsd, and fol |l ows
sanme GWL 3 patterns and | SO 19118 encoding. Witten in the "ex"
nanespace. Primary editor: Arliss Witeside. Last updated 2003/09/19.
</ descri ption>

<copyri ght >Copyri ght (c) 2003 Opend S, Al Rights
Reserved. </ copyri ght >

<conf ormance>Thi s schema encodes a draft U GM package t hat
buil ds on the Coordi nate Operation (CC ) package of the extended UM
Model for OGC Abstract Specification Topic 2: Spatial Referencing by
Coordi nates. That draft package defines restricted subtypes of the
CC Transformati on, CC ParaneterVal ue, and CC _Paranet er Val ueG oup
cl asses as needed for the U GMtransfornmation. </confornance>

</ docunent ati on>
</ annot ati on>

<' - - s ———————
i ncl udes and i nports

s —————r— >

<i ncl ude schemalLocati on="typedVal ues. xsd"/ >

<i nport namespace="http://ww. opengi s. net/gm"

schemaLocati on="../crsSchemas/ base/ coor di nat eOper ati ons. xsd"/ >

<! - - S S S S . T, . T, T, . T, T, . T T T S . S S T S S . S S S S S S S S S S
el ements and types

e
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<el ement nane="U GMLTr ansf or mat i on"
type="ex: U GMLTr ansf or nat i onType"
substituti onG oup="gm : _Ceneral Transformation"/>
<' - - ooy
<conpl exType nane="Ul GVLTr ansf or mati onType" >
<annot at i on>
<docunent ati on>Speci fic Universal |nmage CGeonetry Mdel type of
coordi nate transformati on. Extends the
Abst ract Gener al Transformati onType with restricted val ues for included
el enents, including elenents in the coordi nateCperationlD elenment with
the ldentifierType. |f appropriate, the "codeSpace" el enent could have
the string value "U GWL", and the "code" el ement should then identify
the specific inage. The other elements in the ldentifierType can be
om tted. The "coordi nat eCperati onNanme" el ement shall have a string
val ue that nanes a U GVl Transfornmation for a specific inmage and
speci fic ground coordi nate reference system The " _Positional Accuracy"
and "net aDat aProperty” elenents can be omtted. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract General Transf ormati onType" >
<sequence>
<el enent ref="gnl : usesMet hod" >
<annot at i on>
<docunent ati on>Associ ati on to the (U GWL)
operation nmethod used by this transfornation operation.
</ docunent ati on>
</ annot ati on>
</ el ement >
<el enent ref="ex: usesl nagel dval ue"/ >
<el enent ref="ex: usesVersionVval ue"/>
<el ement ref="ex: usesLi near Coef fi ci ent sVal ue"/>
<el ement ref="ex: usesNunber Secti onsVal ue"/ >
<el enent ref="ex:usesSecti onParaneters”"/>
<el enent ref="ex:usesMonoscopi cErrors"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - oo
<el enent name="U GMLTr ansf or nat i onRef "
type="ex: U GMLTr ansf or mat i onRef Type"
substitutionG oup="gmn : general Transfornmati onRef"/ >
<' - - s
<conpl exType nane="Ul GVLTr ansf or mat i onRef Type" >
<annot at i on>
<docunent ati on>Associ ation to a U GVML Transformation, either
referencing or containing the definition of that Transfornmation.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<restriction base="gnl : General Tr ansf or mat i onRef Type" >
<sequence>
<el enent ref="ex: U GVLTr ansf ormati on" m nCccurs="0"/>
</ sequence>
<attributeGoup ref="gm:AssociationAttributeGoup"/>
</restriction>
</ conpl exCont ent >
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</ conpl exType>
<!-- s
<!-- ooy
<el enent name="usesl nagel dval ue" type="ex: StringVal ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<docunent at i on>Al phanuneric text identifying one specific
original imge. </documentation>
</ annot ati on>
</ el ement >
<!-- e ——————
<el enent name="usesVer si onVal ue" type="ex: | ntegerVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>l ncr easi ng nunbers of the Inmage Support Data
Version integer are used to identify versions with increasing quality
of the inmage geonetry nodel data for the sane original inmage. This
Version shall be &4€d®a€r] before the original imge support data is
adjusted. The m ni mumvalue is 0, and the maxi numvalue is 9.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<!-- ooy
<el enent name="usesLi near Coef fi ci ent sVal ue"
t ype="ex: Scal eLi st Val ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<documnent ati on>The val ues of the coefficients of the
approxi mate |inear sensor nodel, which is used to find the proper inage
geonetry nodel section for a ground coordinate position. The paraneter
val ue shall contain an ordered |ist of eight double precision floating
poi nt nunbers, four for the section nunber in the i mage row axis
foll owed by four for the imge columm axis. These coefficients shall be
recorded with Scale units, but various inplied units are used by the
various coefficients. </docunentation>
</ annot ati on>
</ el emrent >
<!-- oo
<el enent name="usesNumnber Sect i onsVal ue"
type="ex: | nt egerLi st Val ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<document ati on>The nunbers of rows and col ums of sections
into which the image geonmetry nodel is divided for this inmage. The
paraneter value shall contain an ordered list of two small integers,
the first specifying the nunber of rows and the second specifying the
nunber of colums. For each integer, the mninumvalue is 1, and the
maxi mum val ue is 8. </docunentation>
</ annot ati on>
</ el ement >
<!-- S S S S . T, T, . T, T, . . . . . . T T . . . S S S S S S S S S S S S -->
<!-- s e ——————r— >
<el enent name="usesSecti onPar anet ers"
type="ex: Secti onPar anet er sType"
substituti onG oup="gm : _general Par anet er Val ue"/ >
<!-- S S S S . T, T, . T, T, . . . . . . T T . . . S S S S S S S S S S S S -->
<conpl exType nanme="Secti onPar anet er sType" >
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<annot at i on>
<docunent ati on>Group of paraneters for one section of the
uni versal image geonetry nodel. There shall be from 1 up to 64 node
sections for one image. If the nodel for this imge is not divided into
sections, there shall be only one repetition of this group of
par aneters. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex:includesSecti onNunber Val ue"/ >
<el ement ref="ex:includesNornalizationParaneters"/>
<el enent ref="ex:includesPol ynom al s"/>
<el enent ref="gnl :val uest G oup"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - ooy
<el enent name="i ncl udesSecti onNunber Val ue"
t ype="ex: | nt eger Li st Val ueType"
substituti onG oup="gmn : _general Par anet er Val ue" >
<annot at i on>
<document ati on>The row and col um nunbers of this section of
t he universal image geonetry nodel for this inage. The paraneter val ue
contains an ordered list of two snall integers, the first specifying
t he row nunber and the second specifying the colum nunber. For each
integer, the mnimmvalue is 1, and the nmaxi mum val ue is
8. </ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<' - - s
<el enent name="i ncl udesNor mal i zat i onPar anet er s"
type="ex: Normal i zat i onPar anet er sType"
substituti onG oup="gm : _general Par anet er Val ue"/ >
<! - - s s ——————————r— >
<conpl exType nane="Nor mal i zat i onPar anet er sType" >
<annot at i on>
<docunent ati on>G oup of ground position normalization
paraneters and i mage position un-nornualization paranmeters, for this
section of the universal image geonetry nodel. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex:
<el enent ref="ex:
<el enent ref="ex:
<el enent ref="ex:
<el ement ref="ex:
<el ement ref="ex:
<el enent ref="ex:
<el enent ref="ex:

ncl udesEast O f set Val ue"/ >
ncl udesNort hOf f set Val ue"/ >
ncl udesVertical O f set Val ue"/ >
ncl udesEast Scal eval ue"/ >

ncl udesNor t hScal eval ue"/ >
ncl udesVerti cal Scal eval ue"/ >
ncl udesRowr f set Val ue"/ >

ncl udesCol umO f set Val ue"/ >
<el enent ref="ex:includesRowScal eval ue"/ >

<el enent ref="ex:incl udesCol umsScal eVal ue"/ >
<el enent ref="gnl :val ues G oup"/ >
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</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s —————————————————————————— ) >
<el ement nane="i ncl udesEast O f set Val ue"
t ype="ex: Angl eOr Lengt hVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent at i on>East position offset for nornalizing ground
coordi nates. The units shall be either angle or length units.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el ement nane="i ncl udesNort hOf f set Val ue"
t ype="ex: Angl eOr Lengt hVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>North position offset for normalizing ground
coordi nates. The units shall be the sane as for the East Offset, either
angle or length units. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el ement nane="i ncl udesVerti cal O f set Val ue"
t ype="ex: Lengt hval ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>Vertical position offset for nornalizing ground
coordi nates. The units shall be length units. </docunentation>
</ annot ati on>
</ el ement >
<| - - ooy
<el enent name="i ncl udesEast Scal eVal ue"
t ype="ex: Angl eOr Lengt hVal ueType"
substituti onG oup="gmn : _general Par anet er Val ue" >
<annot at i on>
<document ati on>East scal e factor for normalizing ground
coordi nates. The units shall be the sane as for the East Ofset, either
angle or length units. </docunentation>
</ annot ati on>
</ el ement >
<| - - oo
<el enent name="i ncl udesNort hScal eval ue"
t ype="ex: Angl eOr Lengt hVal ueType"
substituti onG oup="gmnl : _general Par anet er Val ue" >
<annot at i on>
<docunent ati on>North scal e factor for normalizing ground
coordi nates. The units shall be the sane as for the North O fset,
either angle or length units. </docunentation>
</ annot ati on>
</ el ement >
<' - - e ————————————————————————— ) >
<el enent name="i ncl udesVerti cal Scal evVal ue" type="ex: Lengt hVal ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
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<docunentation>Vertical scale factor for normalizing ground
coordi nates. The units shall be the sane as for the Vertical Ofset,
and shall be length units. </docunentation>
</ annot ati on>
</ el ement >
<' - - s ——————— R
<el enent name="i ncl udesRowX f set Val ue" type="ex: Gi dLengt hVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>l mage row position offset for un-nornalizing
i mage coordi nates. The units shall be one grid spacing.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el ement nane="i ncl udesCol umf f set Val ue"
type="ex: Gi dLengt hval ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>l mage col unm position offset for un-nornalizing
i mage coordi nates. The units shall be one grid spacing.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent nanme="i ncl udesRowScal eVal ue" type="ex: Gi dLengt hVal ueType"
substituti onG oup="gnl : _general Par anet er Val ue" >
<annot at i on>
<docunent ati on>l mage row scal e factors for un-normali zing
i mmge coordi nates. The units shall be one grid spacing.
</ docunent ati on>
</ annot ati on>
</ el ement >
<| - - ooy
<el enent name="i ncl udesCol umScal eVal ue"
type="ex: &i dLengt hval ueType"
substituti onG oup="gmn : _general Par anet er Val ue" >
<annot at i on>
<document ati on>l mage col umm scal e factors for un-normali zing
i mge coordi nates. The units shall be one grid spacing.
</ docunent ati on>
</ annot ati on>
</ el ement >
<| - - oo
<' - - ey —p—————————————————————————————————— ) >
<el enent nanme="i ncl udesPol ynomni al s" type="ex: Pol ynom al sType"
substituti onG oup="gmnl : _general Par anet er Val ue"/ >
<! - - ooy
<conpl exType nane="Pol ynoni al sType" >
<annot at i on>
<docunent ati on>Nuner at or and denomi nator pol ynoni al paraneters
for this section of the universal inage geonetry nodel.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
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<el ement ref="ex:incl udesRowNuner at or Power sVal ue"/ >
<el ement
ref ="ex: i ncl udesRowNuner at or Coef fi ci ent sVal ue"/ >
<el enent ref="ex:incl udesRowDenom nat or Power sVal ue"/ >
<el enent
ref ="ex: i ncl udesRowDenoni nat or Coef fi ci ent sVal ue"/ >
<el ement ref="ex:incl udesCol umNurer at or Power sVal ue"/ >
<el erment
ref ="ex: i ncl udesCol umNurer at or Coef fi ci ent sVal ue"/ >
<el enent ref="ex:includesCol utmDenom nat or Power sVal ue"/ >
<el ement
ref ="ex: i ncl udesCol utmbDenoni nat or Coef fi ci ent sVal ue"/ >
<el enent ref="gnl :val uest G oup"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - ooy
<el enent name="i ncl udesRowNuner at or Power sVal ue"
type="ex: | nt eger Li st Val ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<document at i on>Maxi mum powers of the three ground coordi nates
in the numerator polynom al for conputing the inage row coordi nate. The
paraneter value shall contain an ordered list of three small integers,
corresponding to the East, North, and Vertical ground coordinate axes.
For each integer, the mininumvalue is 1. For the East and North axis
i ntegers, the maxi numvalue is 5. For the Vertical axis integer, the
maxi mum val ue is 3. </docunentation>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="i ncl udesRowNuner at or Coef fi ci ent sVal ue"
t ype="ex: Scal eLi st Val ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<docunent ati on>Pol ynom al coefficients in the nunerator
pol ynom al for computing the imge row coordinate. The paraneter val ue
shall contain an ordered list of from8 to 144 Scal e neasures.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<| - - s
<el enent name="i ncl udesRowDenom nat or Power sVal ue"
t ype="ex: | nt egerLi st Val ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<document at i on>Maxi mum powers of the three ground coordi nates
in the denom nator polynom al for conputing the inage row coordinate.
The paraneter value shall contain an ordered list of three smal
i ntegers, corresponding to the East, North, and Vertical ground
coordi nate axes. For each integer, the mninumvalue is 1. For the East
and North axis integers, the maxinumvalue is 5. For the Vertical axis
i nteger, the maxi mumvalue is 3. </docunentation>
</ annot ati on>
</ el ement >
<! - - s ey ———————r— >
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<el ement nane="i ncl udesRowDenoni nat or Coef fi ci ent sVal ue"
t ype="ex: Scal eLi st Val ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>Pol ynomi al coefficients in the denom nator
pol ynomi al for computing the image row coordinate. The paraneter val ue
shall contain an ordered list of from8 to 144 Scal e neasures.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - e ——————
<el ement nane="i ncl udesCol unmNuner at or Power sVal ue"
type="ex: | nt eger Li st Val ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot ati on>
<docunent ati on>Maxi mum powers of the three ground coordi nates
in the numerator polynomal for conputing the i nage col utmm coordi nate.
The paraneter value shall contain an ordered list of three smal
i ntegers, corresponding to the East, North, and Vertical ground
coordi nate axes. For each integer, the mininmumvalue is 1. For the East
and North axis integers, the maxinumvalue is 5. For the Vertical axis
i nteger, the maxi mumvalue is 3. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el ement nane="i ncl udesCol unmNuner at or Coef fi ci ent sVval ue"
t ype="ex: Scal eLi st Val ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>Pol ynomni al coefficients in the nunerator
pol ynomi al for conputing the i mage col umm coordi nate. The paraneter
val ue shall contain an ordered list of from8 to 144 Scal e neasures.
</ docunent ati on>
</ annot ati on>
</ el ement >
<' - - s ——————— R
<el ement nane="i ncl udesCol unmbDenomi nat or Power sVal ue"
type="ex: | nt eger Li st Val ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent at i on>Maxi mum powers of the three ground coordi nates
in the denom nator polynom al for conputing the inage col um
coordi nate. The paraneter value shall contain an ordered list of three
smal |l integers, corresponding to the East, North, and Vertical ground
coordi nate axes. For each integer, the mininmumvalue is 1. For the East
and North axis integers, the maxinumvalue is 5. For the Vertical axis
i nteger, the maxi mumvalue is 3. </docunentation>
</ annot ati on>
</ el ement >
<' - - e ————————————————————————— ) >
<el ement nane="i ncl udesCol unmbDenoni nat or Coef fi ci ent sVal ue"
t ype="ex: Scal eLi st Val ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>Pol ynomi al coefficients in the denom nator
pol ynomi al for conputing the image col um coordi nate. The paraneter
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val ue shall contain an ordered list of from8 to 144 Scal e neasures.
</ docunent ati on>
</ annot ati on>
</ el ement >
<!-- s —————————————— -->
<!-- s ——————— R
<el enent name="usesMonoscopi cErrors" type="ex: Monoscopi CErrorsType"
substituti onG oup="gm : _gener al Par anet er Val ue"/ >
<!-- oo
<conpl exType nane="NMonoscopi cErrorsType" >
<annot at i on>
<docunent ati on>G oup of paranmeters for horizontal error
estimates when a position in this one image is used to determne the
correspondi ng ground coordi nates, using this universal inage geonetry
nodel for this image. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex:includesRef erenceHei ght Val ue"/ >
<el ement ref="ex:incl udesAbsol ut eErrorVal ue"/>
<el ement ref="ex:includesRel ati veError" m nCccurs="0"
maxQccur s="9"/ >
<el enent ref="gnl :val uest G oup"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- ooy
<el enent name="i ncl udesRef er enceHei ght Val ue"
t ype="ex: Lengt hval ueType"
substituti onG oup="gmnl : _general Par anet er Val ue" >
<annot at i on>
<document ati on>The val ue of the ground el evati on or hei ght
used to estinmate the recorded horizontal error estinmate when a position
in this one inage is used to deternine the correspondi ng ground
coordi nates. This reference height is in the Vertical coordinate system
axi s of the ground CRS used by the universal inage geonetry nodel for
this image. </docunentation>
</ annot ati on>
</ el emrent >
<!-- s e —————————r— >
<el enent name="i ncl udesAbsol ut eError Val ue" type="ex: Lengt hVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>The val ue of the horizontal absolute error
estimate when a position in this one (npbnoscopic) image is used to
determ ne the correspondi ng ground coordi nates. This error estimte
shall be recorded as the Crcular Error (CE) with 90% confi dence,
always in one neter units. The mininumvalue is 0.0. </docunentation>
</ annot ati on>
</ el emrent >
<!-- oo
<!-- s s ———————— -->
<el enent name="incl udesRel ativeError" type="ex: Rel ati veError Type"
substituti onG oup="gm : _general Par anet er Val ue"/ >
<!-- s ey ———————r— >
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<conpl exType nane="Rel ati veError Type" >
<annot at i on>
<documnent ati on>Rel ative error estimate for one di stance bin
between two points. These error estinates are for use when nmultiple
positions in one (nobnoscopic) inage are used to determnine the
correspondi ng ground coordi nates. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex:includesBi nDi stancesVal ue"/>
<el ement ref="ex:includesBi nErrorVal ue"/ >
<el enent ref="gnl :val uest G oup"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - ooy
<el enent name="i ncl udesBi nDi st ancesVal ue"
t ype="ex: Lengt hLi st Val ueType"
substituti onG oup="gm : _general Par anet er Val ue" >
<annot at i on>
<docunent ati on>The m ni nrum and maxi mum ground di st ances
between two points for this distance bin recorded for horizonta
relative error estimates. The paraneter value shall contain an ordered
list of two Length neasures, always in one neter units. The first val ue
specifies the bin mninumdistance, and the second val ue specifies the
bi n maxi mum di stance. The mi ni mum val ues are 0.0. </docunentation>
</ annot ati on>
</ el ement >
<| - - s ——————— R
<el enent name="i ncl udesBi nError Val ue" type="ex: Lengt hVal ueType"
substituti onG oup="gm : _gener al Par anet er Val ue" >
<annot at i on>
<docunent ati on>The val ue of the horizontal relative error
estimate between two points for this distance bin recorded for
hori zontal relative error estinmates. These error estimates are for use
when nultiple positions in one (nonoscopic) inmage are used to determ ne
t he correspondi ng ground coordi nates. The relative error estinmate shal
be recorded as the Crcular Error (CE) with 90% confidence, always in
one meter units. The minimmvalue is 0.0. </docunentation>
</ annot ati on>
</ el ement >
<| - - oo
</ schema>

The above example Application Schema is shortened by building on a separate example
Application Schema. This other Application Schema defines XML Schema
complexTypes for a number of types of operation parameter values. The complexTypes
defined include 8 parameter types used in the Application Schema above, plus 8 more
types expected to be useful in other image geometry model transformations. This second
draft XML Application Schema is:

<?xm version="1. 0" encodi ng="UTF-8""?>
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<schemma t ar get Nanespace="htt p://ww. opengi s. net / exanpl es"
xm ns="http://ww. w3. or g/ 2001/ XM_.Schema"
xm ns: gm ="http://ww. opengi s. net/gn"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xm ns: ex="http://ww. opengi s. net/ exanpl es"
el ement For mDef aul t ="qual i fi ed" xm :lang="en">
<annot at i on>
<docunent ati on>
<nane>t ypedVal ues. xsd</ nane>
<versi on>0. 1. 0</ ver si on>
<scope>How to encode operation paraneter values with specific
types, including | ength, angle, and scale nmeasures.. </scope>
<descri pti on>Exanpl e Application Schema to encode operation
parameter values with specific types. Builds on measures. xsd, and
follows sane GWL 3 patterns. Witten in the "ex" namespace. Primary
editor: Arliss Witeside. Last updated 2003/09/19. </description>
<copyri ght >Copyri ght (c) 2003 Opend@ S, Al Rights
Reserved. </ copyri ght >
</ docunent ati on>
</ annot ati on>

<!-- S . . . . . . . . . . . . . . . . . . . . . S T S . S S S S S S =T
i ncl udes and i nports

ey

<i nport namespace="http://ww. opengi s. net/gm"

schemaLocati on="../crsSchemas/ base/ coor di nat eOper ati ons. xsd"/ >

<!-- S . . . . . . . . . . . . . . . . . . . . . S T S . S S S S S S =T
el ements and types

ey

<conpl exType nanme="StringVal ueType" >
<annot at i on>
<docunent at i on>Al phanuneric text operation paraneter val ue.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="gnl :stringVal ue"/>
<el enent ref="gn :val ueOX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<!-- s
<conpl exType nane="I nt eger Val ueType" >
<annot at i on>
<docunent ati on>l nt eger operation paraneter val ue.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="gnl:integerVal ue"/ >
<el enent ref="gn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
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<' - - s ———————
<conpl exType nanme="Lengt hVal ueType" >
<annot at i on>
<docunent ati on>Lengt h neasure operati on paraneter val ue.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex:|engthVal ue"/>
<el enent ref="gm :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - s ———————
<conpl exType nanme="Scal eVal ueType" >
<annot at i on>
<document ati on>Scal e nmeasure operati on paraneter val ue.
</ docunent ati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex:scal eval ue"/>
<el enent ref="gn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - s ——————— R
<conpl exType nanme="Angl eVal ueType" >
<annot at i on>
<document ati on>Angl e nmeasure operation paraneter val ue.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex: angl eval ue"/ >
<el enent ref="gmn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - s ———————— R
<conpl exType nanme="Angl eOr Lengt hval ueType" >
<annot at i on>
<docunent ati on>Angl e or Length neasure operation paraneter
val ue, sonetines used for horizontal coordinate paraneters.
</ docunent at i on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Gener al Par anet er Val ueType" >
<sequence>
<choi ce>
<el enent ref="ex: angl eval ue"/ >
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<el enent ref="ex: | engthVal ue"/>
</ choi ce>
<el enent ref="gn :val ueOX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - oo sy
<conpl exType nane="Ti neVal ueType" >
<annot at i on>
<docunent ati on>Ti ne neasure operation paraneter val ue.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex: gridLengt hval ue"/ >
<el enent ref="gn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - ooy
<conpl exType nanme="G i dLengt hVal ueType" >
<annot ati on>
<docunentation>Gid Length nmeasure operation paraneter val ue
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex: gridLengt hval ue"/ >
<el enent ref="gn :val ueOX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - oo
<conpl exType nane="Vel oci t yVal ueType" >
<annot at i on>
<docunent ati on>Vel ocity measure operation paraneter val ue.
</ docunent ati on>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gml : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex:vel ocityVal ue"/ >
<el enent ref="gn :val ueOX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<! - - oo
<conpl exType nane="I nt eger Li st Val ueType" >
<annot at i on>
<docunent ati on>Or dered sequence of two or nore integer
operation paraneter values. </docunentation>
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</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="gm :integerVal ueList"/>
<el enent ref="gm :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - e ——————
<conpl exType nane="Lengt hLi st Val ueType" >
<annot at i on>
<documnent ati on>Or dered sequence of two or nore Length
operation paraneter val ues. </ docunentati on>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex:|engthVal ueList"/>
<el enent ref="gm :val ueXX Paraneter"/>
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - s ——————— R
<conpl exType nane="Scal eLi st Val ueType" >
<annot at i on>
<documnent ati on>Or dered sequence of two or nore Scal e Factor
operation paraneter values. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el ement ref="ex:scal evVal ueList"/>
<el enent ref="gm :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - s ——————— R
<conpl exType nane="Angl eLi st Val ueType" >
<annot at i on>
<document ati on>Or dered sequence of two or nore Angle operation
par anmet er val ues. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gm : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex: angl eval ueLi st"/>
<el enent ref="gm :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<' - - S S S S S, T, T, T, T, . . . T T S S S S S S S S S S e -- >
<conpl exType nane="Ti neLi st Val ueType" >
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<annot at i on>
<docunent ati on>Ordered sequence of two or nore Tine operation
par anet er val ues. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex:tinmeVal ueList"/>
<el enent ref="gm :val ueOX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<l -- ========-==----——-—-——-———————————————————————————os >

<conpl exType nane="Gi dLengt hLi st Val ueType" >
<annot at i on>
<docunent ati on>Ordered sequence of two or nore Grid Length
operation paraneter values. </docunentation>
</ annot ati on>
<conpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex:gridLengthVal ueList"/>
<el enent ref="gn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
I e e e e e e e e e e e e e e e e >

<conpl exType nane="Vel oci tyLi st Val ueType" >
<annot ati on>
<docunent ati on>Ordered sequence of two or nore Velocity
operation paraneter val ues. </docunentation>
</ annot ati on>
<comnpl exCont ent >
<ext ensi on base="gmnl : Abstract Gener al Par anet er Val ueType" >
<sequence>
<el enent ref="ex:vel ocityVal ueList"/>
<el enent ref="gn :val ueXX Paraneter"/ >
</ sequence>
</ ext ensi on>
</ conpl exCont ent >
</ conpl exType>
<| - - oo

<l .. =============—===ooooooooooooooo-ooooooo-ooooooo==o= >

<el enent name="I| engt hval ue" type="gm : Lengt hType"
substituti onG oup="gnl : val ue">
<annot at i on>
<docunent ati on>Lengt h val ue of an operation paraneter, with a
unit of neasure suitable for a length, such as netres or feet.
</ docunent at i on>
</ annot ati on>
</ el ement >
<l -- ==========----——o-—-——-—o-—————————————————————————o— >

<el enent name="scal eVal ue" type="gmni : Scal eType"
substituti onG oup="gmnl : val ue">
<annot at i on>
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<docunent ati on>Scal e factor val ue of an operation paraneter,
with a unit of nmeasure suitable for a scale factor, such as one,
percent, perml, or parts-per-mllion. </docunentation>
</ annot ati on>
</ el emrent >
<' - - s ——————— R
<el enent nanme="angl eVal ue" type="gnl : Angl eType"
substituti onG oup="gm : val ue">
<annot at i on>
<docunent ati on>Angl e val ue of an operati on paraneter, recorded
as a single nunber, with a unit of neasure suitable for an angle, such
as degrees or radians. </docunentation>
</ annot ati on>
</ el ement >
<' - - s —————————————————————————— ) >
<el enent name="ti neVal ue" type="gnm : Ti neType"
substituti onG oup="gnl :val ue">
<annot at i on>
<docunent ati on>Ti ne val ue of an operation paraneter, recorded
as a single nunber, with a unit of neasure suitable for a tinme val ue,
such as seconds or days. </docunentation>
</ annot ati on>
</ el ement >
<' - - ooy
<el enent name="gri dLengt hvVal ue" type="gm : Gi dLengt hType"
substituti onG oup="gnl : val ue">
<annot at i on>
<documentation>Gid | ength value of an operation paraneter,
with a unit of measure suitable for length along the axes of a grid,
such as pixel spacings or grid spacings. Used when the grid spacing
does not have any associ ated physical units, or does not have a
const ant physi cal spacing. </docunentation>
</ annot ati on>
</ el ement >
<' - - ey —p—————————————————————————————————— ) >
<el enent name="vel oci tyVal ue" type="gmi: Vel ocityType"
substituti onG oup="gnl : val ue">
<annot at i on>
<documnent ati on>Vel ocity val ue of an operation paranmeter, wth
a unit of neasure suitable for a velocity, such as netres per second or
nm | es per hour. </docunentation>
</ annot ati on>
</ el ement >
<' - - oo
<el enent name="I| engt hVal ueli st" type="gm : Measur eLi st Type"
substituti onG oup="gm : val ueLi st">
<annot at i on>
<docunent ati on>Or dered sequence of two or nore | ength val ues
of an operation paranmeter, with a unit of neasure suitable for a
[ ength, such as netres or feet. </documentation>
</ annot ati on>
</ el emrent >
<! - - oo
<el enent name="scal eVal ueLi st" type="gm : Measur elLi st Type"
substituti onG oup="gm : val ueLi st">
<annot at i on>
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<docunent ati on>Ordered sequence of two or nore scale factor
val ues of an operation paranmeter, with a unit of measure suitable for a
scal e factor, such as one, percent, perml|, or parts-per-mllion.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="angl eVal ueLi st" type="gm : Measur eLi st Type"
substituti onG oup="gm : val ueLi st">
<annot at i on>
<docunent ati on>0Ordered sequence of two or nore angle val ues of
an operation paraneter, each recorded as a single nunber, with a unit
of measure suitable for an angle, such as degrees or radians.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="ti neVal uelLi st" type="gm : MeasurelLi st Type"
substituti onG oup="gm : val ueLi st">
<annot ati on>
<docunent ati on>Or dered sequence of two or nore tinme val ues of
an operation paraneter, each recorded as a single nunber, with a unit
of measure suitable for a tinme value, such as seconds or days.
</ docunent ati on>
</ annot ati on>
</ el emrent >
<! - - s
<el enent name="gri dLengt hVal ueLi st" type="gm : Measur eLi st Type"
substituti onG oup="gm : val ueLi st">
<annot at i on>
<docunent ati on>0Ordered sequence of two or nore grid | ength
val ues of an operation paranmeter, with a unit of measure suitable for
I ength along the axes of a grid, such as pixel spacings or grid
spaci ngs. Used when the grid spaci ng does not have any associ at ed
physi cal units, or does not have a constant physical spacing.
</ docunent ati on>
</ annot ati on>
</ el ement >
<| - - oo
<el enent name="vel oci tyVal ueLi st" type="gnm : Measur eLi st Type"
substituti onG oup="gm : val ueLi st">
<annot at i on>
<document ati on>Or dered sequence of two or nore velocity val ues
of an operation paraneter, with a unit of measure suitable for a
velocity, such as netres per second or miles per hour. </docunentation>
</ annot ati on>
</ el emrent >
<! - - ooy
</ schema>

F.4.4 Example XML documents

An example XML document based on the above two example Application Schemas for
encoding this simplified UIGM transformation is:
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<?xm version="1.0" encodi ng="UTF-8""?>

<Ul GMLTr ansf ormati on xm ns="http://ww. opengi s. net / exanpl es"

xm ns: gm ="http://ww. opengi s. net/gn"

xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"

xm ns: xsi ="http://ww.w3. org/ 2001/ XM_Schena-i nst ance"

xsi : schemalLocati on="htt p://ww. opengi s. net/ exanpl es

U GMLt r ansf or mati on. xsd" gnl ;i d=" AaaaAaaa" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/19. -->
<gnl : coor di nat eQper at i onNanme>Aaaa Aaaa</ gnm : coor di nat eOper at i onNane>
<gnl : oper ati onVer si on>1</ gnl : oper ati onVer si on>
<gm : sour ceCRS xl i nk: href="urn: ogc: srs: EPSG : 7405"

xlink:title="0SGB36 /British National Gid + ODN'/>
<gml :target CRS xlink: href="urn:ogc: srs: U G | mageCRS"/ >
<gm : usesMet hod x! i nk: href="urn: ogc: nmet hod: U G\t Met hodUl GVL" / >
<usesl magel dval ue>
<gnl : stri ngVal ue>AAAAAA</ gl : stri ngVal ue>
<gn : val ue Par anet er
xl'i nk: href ="urn: ogc: paraneter: U G\ | magel D'/ >
</ usesl nagel dval ue>
<usesVer si onVal ue>
<gnl : i nt eger Val ue>1</gm : i nt eger Val ue>
<gn : val ue Par anet er
xl'i nk: href ="urn: ogc: paraneter: U G\ Ver si on"/ >

</ usesVer si onVal ue>
<useslLi near Coef fi ci ent sVal ue>
<scal eVal ueLi st uom="urn: ogc: uom uni ty">9.999 9.999 9.999 9.999
9. 999 9.999 9.999 9.999</scal eVal uelLi st >
<gm : val ueX Par anet er
xl'i nk: href ="ur n: ogc: par anet er: U GM Li near Coeffi ci ents"/ >
</ usesLi near Coef fi ci ent sVal ue>
<usesNunber Sect i onsVal ue>
<gnl :i nt eger Val ueLi st >1 1</ gnl :i nt eger Val ueLi st >
<gm : val ueX Par anet er
i nk: href ="urn: ogc: par anet er: U GVt Nunber Secti ons"/ >
</ usesNunber Sect i onsVal ue>
<usesSecti onPar anet er s>
<i ncl udesSect i onNunber Val ue>
<gml :i nt eger Val ueLi st >1 1</gmnl :i nt eger Val ueLi st >
<gm : val ueX Par anet er
xli nk: href ="urn: ogc: paraneter: U G\ Secti onNunber"/ >
</incl udesSecti onNunber Val ue>
<i ncl udesNor mal i zat i onPar anet er s>
<i ncl udesEast O f set Val ue>
<angl eVal ue uon¥"ur n: ogc: uom degr ee" >99. 999</ angl eVal ue>
<gm : val ueOf Par anet er
xli nk: href ="urn: ogc: net hod: U GM East Of f set "/ >
</incl udesEast O f set Val ue>
<i ncl udesNort hOF f set Val ue>
<angl eVal ue uom="ur n: ogc: uom degr ee" >9. 999</ angl eval ue>
<gm : val ueOf Par anet er
xli nk: href ="urn: ogc: nmet hod: U GM Nort hOF f set "/ >
</incl udesNort hOr f set Val ue>
<i ncl udesVertical O f set Val ue>
<l engt hVal ue uom="urn: ogc: uom netre">99. 999</| engt hVval ue>
<gm : val ueO Par anet er
xli nk: href ="urn: ogc: met hod: U G\t Vertical Of fset"/>
</includesVertical O f set Val ue>

x
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<i ncl udesEast Scal eVal ue>
<angl eVal ue uon¥"ur n: ogc: uom degr ee" >9. 999</ angl eVal ue>
<gm : val ueX Par anet er
xli nk: href ="urn: ogc: met hod: Ul GMt East Scal e"/ >
</i ncl udesEast Scal eVal ue>
<i ncl udesNort hScal eVal ue>
<angl eVal ue uon¥"ur n: ogc: uom degr ee" >9. 999</ angl eVal ue>
<gm : val ueOf Par anet er
xli nk: href ="urn: ogc: met hod: U GM Nort hScal e"/ >
</i ncl udesNort hScal eval ue>
<i ncl udesVerti cal Scal eVal ue>
<l engt hVal ue uom="ur n: ogc: uom netre">9. 999</ | engt hval ue>
<gm : val ueOf Par anet er
xli nk: href ="urn: ogc: met hod: Ul G\t Verti cal Scal e"/ >
</includesVerti cal Scal eval ue>
<i ncl udesRowX f set Val ue>
<gri dLengt hVal ue
uomE"ur n: ogc: uom Pi xel Spaci ng">9999. 99</ gri dLengt hVal ue>
<gm : val ueOX Par anet er
xl'i nk: href ="urn: ogc: met hod: U G\t RowO f set "/ >
</i ncl udesRow f set Val ue>
<i ncl udesCol umO f set Val ue>
<gri dLengt hVal ue
uomE"ur n: ogc: uom Pi xel Spaci ng">9999. 99</ gri dLengt hVal ue>
<gm : val ueOf Par anet er
xl'i nk: href ="urn: ogc: met hod: U G\t Col uimmOf f set "/ >
</ i ncl udesCol umO f set Val ue>
<i ncl udesRowScal eVval ue>
<gri dLengt hVal ue
uonF"ur n: ogc: uom Pi xel Spaci ng">999. 99</ gri dLengt hVal ue>
<gm : val ueX Par anet er
xli nk: href ="ur n: ogc: met hod: Ul G\t RowScal e"/ >
</i ncl udesRowScal eVal ue>
<i ncl udesCol umsScal eval ue>
<gri dLengt hVal ue
uon¥"ur n: ogc: uom Pi xel Spaci ng">999. 99</ gri dLengt hVval ue>
<gn : val ue Par anet er
xli nk: href ="ur n: ogc: met hod: U G\t Col uimScal e"/ >
</i ncl udesCol umScal eVal ue>
<gm : val uesOf Group
xIi nk: href ="urn: ogc: nmet hod: U GM Nor nal i zati onPar anet ers"/ >
</includesNormal i zat i onPar anet er s>
<i ncl udesPol ynoni al s>
<i ncl udesRowNurer at or Power sVal ue>
<gm :integerVal ueList>1 1 1</gni:integerVal uelLi st >
<gm : val ueX Par anet er
xli nk: href ="ur n: ogc: net hod: U G\t RowNuner at or Power s"/ >
</ i ncl udesRowNuner at or Power sVal ue>
<i ncl udesRowNuner at or Coef f i ci ent sVal ue>
<scal eVal ueLi st uom="urn: ogc: uom uni ty">0.999999 0. 999999
0. 999999 0.999999 0.999999 0. 999999 0.999999 0. 999999</ scal eVal ueli st >
<gn : val ueX Par anet er
xI'i nk: href ="ur n: ogc: met hod: U GMt RowNuner at or Coef fi ci ents"/ >
</ i ncl udesRowNuner at or Coef fi ci ent sVal ue>
<i ncl udesRowDenormi nat or Power sVal ue>
<gm :integerVal ueLi st>1 1 1</gnl:integerVal uelLi st >
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<gnm : val ue Par anet er
xli nk: hr ef ="ur n: ogc: net hod: U G\t RowDenonmi nat or Power s"/ >
</ i ncl udesRowDenomn nat or Power sVal ue>
<i ncl udesRowDenomi nat or Coef fi ci ent sVal ue>
<scal eVal ueLi st uom="urn: ogc: uom uni ty">0.999999 0. 999999
0. 999999 0.999999 0.999999 0. 999999 0. 999999 0. 999999</ scal eVal ueli st >
<gn : val ue Par anet er
xli nk: href ="ur n: ogc: met hod: Ul G\t RowDenomi nat or Coef fi ci ents"/ >
</ i ncl udesRowDenoni nat or Coef fi ci ent sVal ue>
<i ncl udesCol utmNuner at or Power sVal ue>
<gm :i ntegerVal ueLi st>1 1 1</gm :integerVal uelLi st >
<gn : val ueX Par anet er
xl'i nk: href ="ur n: ogc: met hod: Ul G\t Col uimNuner at or Power s"/ >
</ i ncl udesCol utmmNurer at or Power sVal ue>
<i ncl udesCol utmNuner at or Coef fi ci ent sVal ue>
<scal eVal ueLi st uom="urn: ogc: uom uni ty">0.999999 0. 999999
0. 999999 0.999999 0.999999 0. 999999 0. 999999 0. 999999</ scal eVal ueli st >
<gm : val ueX Par anet er
xli nk: href ="ur n: ogc: met hod: Ul G\t Col uimNuner at or Coef fi ci ents"/ >
</ i ncl udesCol umNurer at or Coef fi ci ent sVal ue>
<i ncl udesCol utmDenoni nat or Power sVal ue>
<gn :i ntegerVal ueList>1 1 1</gm :integerVal uelLi st >
<gm : val ueX Par anet er
xIi nk: href ="urn: ogc: met hod: Ul G\t Col utmDenomi nat or Power s"/ >
</ i ncl udesCol umDenoni nat or Power sVal ue>
<i ncl udesCol utmDenomi nat or Coef f i ci ent sVal ue>
<scal eVal ueLi st uom="urn: ogc: uom uni ty">0.999999 0. 999999
0. 999999 0.999999 0.999999 0. 999999 0. 999999 0. 999999</ scal eVal ueli st >
<gm : val ueOX Par anet er
xli nk: href ="urn: ogc: met hod: U G\t Col utmDenoni nat or Coef fi ci ents"/ >
</i ncl udesCol umDbDenomi nat or Coef fi ci ent sVal ue>
<gnl : val uesO™f Gr oup
xli nk: href ="ur n: ogc: met hod: Ul G\t Pol ynom al s"/ >
</i ncl udesPol ynomi al s>
<gm : val uesOf Group
xl'i nk: href ="urn: ogc: nmet hod: Ul G\t Sect i onPar anet ers"/ >
</ usesSecti onPar anet er s>
<usesMonoscopi cErrors>
<i ncl udesRef er enceHei ght Val ue>
<l engt hVal ue uon¥"ur n: ogc: uom netre">999</ | engt hval ue>
<gm : val ueX Par anet er
xli nk: href ="urn: ogc: net hod: Ul G\t Ref er enceHei ght "/ >
</i ncl udesRef er enceHei ght Val ue>
<i ncl udesAbsol ut eEr r or Val ue>
<l engt hVal ue uon¥"urn: ogc: uom net re">99. 99</| engt hVal ue>
<gm : val ueX Par anet er
xli nk: href ="urn: ogc: nmet hod: Ul G\t Absol ut eError"/ >
</i ncl udesAbsol ut eErr or Val ue>
<i ncl udesRel ati veError>
<i ncl udesBi nDi st ancesVal ue>
<l engt hVal ueLi st uom="urn: ogc: uom netre" >0
1000</ | engt hVval ueLi st >
<gm : val ueOX Par anet er
xli nk: href ="urn: ogc: nmet hod: U Gt Bi nDi st ances"/ >
</i ncl udesBi nDi st ancesVal ue>
<i ncl udesBi nError Val ue>
<l engt hVal ue uon="urn: ogc: uom netre">9. 99</ | engt hval ue>
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<gnm : val ue Par anet er
x| i nk: href ="urn: ogc: met hod: Ul G\t Bi nError"/ >
</i ncl udesBi nErr or Val ue>
<gnl : val uesOf Group
xl'i nk: href ="urn: ogc: met hod: U G\t Rel ati veError"/>
</includesRel ati veError>
<i ncl udesRel ati veError>
<i ncl udesBi nDi st ancesVal ue>
<l engt hVal ueLi st uom="ur n: ogc: uom et re" >1000
10000</ | engt hVval uelLi st >
<gm : val ueX Par anet er
xli nk: href ="ur n: ogc: nmet hod: Ul G\t Bi nDi st ances"/ >
</i ncl udesBi nDi st ancesVal ue>
<i ncl udesBi nError Val ue>
<l engt hVal ue uon¥"urn: ogc: uom netre">9. 99</| engt hVal ue>
<gm : val ueX Par anet er
xli nk: href ="urn: ogc: met hod: Ul G\t Bi nError"/ >
</i ncl udesBi nErr or Val ue>
<gnl : val uesOf Gr oup
xli nk: href ="urn: ogc: met hod: U G\t Rel ati veError"/>
</includesRel ati veError>
<gnl : val uesO Gr oup
xI'i nk: href ="ur n: ogc: met hod: U GMt Monoscopi cErrors"/>
</ usesMonoscopi cErrors>
</ U GMLTr ansf or mat i on>

The above XML example uses dummy values such as "Aaaa" in place of real values for
some text string values. Similarly, this example also uses dummy values such as "99.99"
in place of real values for some numerical values. This example assumes that the
Application Schemas specified in Subclause F.4.3 are accessible using the location
UIGM 1 transformation.xsd.

The above XML example also assumes that (complete) information for several items is
available elsewhere. The definition of the sourceCRS and targetCRS are assumed to be
available elsewhere, and can be encoded in XML as shown in the example XML in
Subclauses E.3 and E.10. The definition of the simplified UIGM OperationMethod can
be XML encoded using the example Application Schema from Subclause F.2.3, and
could be:

<?xm version="1.0" encodi ng="UTF-8""?>
<Qper ati onMet hod xm ns="http://ww. opengi s. net/gm"
xm ns: gm ="http://ww. opengi s.net/gn"
xm ns: ex="http://ww. opengi s. net/ exanpl es"
xm ns: xl i nk="http://ww. w3. org/ 1999/ x| i nk"
xm ns: xsi ="http://ww. w3. org/ 2001/ XM_Schena- i nst ance"
xsi : schemalLocati on="htt p://ww. opengi s. net/ exanpl es
ext endedQper ati onPar anet er. xsd" gml :i d="Met hodU GWL" >
<l-- Primary editor: Arliss Witeside. Last updated 2003/09/19. -->
<remar ks>Thi s operation nmethod i nplenments the universal inmage
geonetry nodel that transforns ground coordinates into georeferenced
i mage coordi nates. This i mage geonetry nodel uses one ratio of two
pol ynom al functions to conpute the row i mage coordi nate, and uses a
simlar ratio of two different polynom als to conpute the col um inage
coordi nate. All four polynom als are functions of three ground
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coordi nates: two horizontal coordinates and one vertical coordinate. In
t he pol ynom al functions, the three ground coordinates and two i nage
coordi nates are each offset and scaled to have a range from-1.0 to
+1.0 over an image or image section. For brevity, this sinplified
operation nethod specification does not include all geonetry node
paraneters or all optional XM el enents. </renmarks>
<nmet hodNane>Uni versal | nmage Geonetry Model Transfornmation
(sinplified)</met hodNanme>
<met hodFor mul a>See Section 6.5 of OGC Abstract Specification Topic 7
The Earth I magery Case ( OGC docunment 99-107). </ methodFornul a>
<sour ceDi mensi ons>3</ sour ceDi mensi ons>
<t arget Di nensi ons>2</t ar get Di nensi ons>
<usesPar anet er >
<ex: Ext endedOper ati onPar anet er gmi :i d="1magel D'>
<remar ks>Al phanuneric text identifying one specific origina
i mage. </remarks>
<par anet er Nane>| nage | D</ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodeLi st. xm " >stri ng</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<ex: Ext endedOper ati onPar anet er gmi : i d="Versi on">
<remar ks>l ncreasi ng nunbers of the Image Support Data Version
Nurmber are used to identify versions with increasing quality of the
i mage geonetry nodel data for the sane original imge. This | nmage
Support Data Version field shall be 0 before the original inage support
data is adjusted. Mninmumvalue is 0, maxi mumvalue is 9. </renmarks>
<par amet er Nane>| mage Support Data Ver si on</ par amnet er Nane>
<ex: par amnet er Type
codeSpace="par anet er TypeCodeLi st. xm ">nonNegat i vel nt eger </ ex: paraneterT
ype>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<ex: Ext endedOper ati onPar anet er gm :i d="Li near Coef ficients">
<remar ks>The val ues of the coefficients of the approxi nate
i near sensor nodel, which is used to find the proper inmage geonetry
nodel section for a ground coordi nate position. The paraneter val ue
shall contain an ordered list of eight double precision floating point
nunbers, four for the section nunber in the inmage row axis, followed by
four for the inage colum axis. These coefficients shall be recorded
with Scale units, but various inplied units are used by the various
coefficients. </remarks>
<par anet er Nane>Li near Sensor Mode
Coef fi ci ent s</ par anet er Nane>
<ex: paranet er Type
codeSpace="par anet er TypeCodeli st . xml " >Scal eLi st Type</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<ex: Ext endedOper ati onPar anet er gmi : i d="Nunber Secti ons" >
<remar ks>The nunbers of rows and col utms of sections into
whi ch the inmage geonetry nodel is divided for this imge. The paraneter
val ue shall contain an ordered list of two snmall integers, the first
speci fying the nunber of rows and the second specifying the nunber of
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colums. For each integer, the mnimumvalue is 1, and the naxi num
value is 8. </remarks>
<par anet er Name>Nunber of Secti ons</ paranet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xm " >i nt eger Li st </ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</ usesPar anet er >
<usesPar anet er >
<Qper ati onPar anet er G oup gm : i d="Secti onParaneters">
<remar ks>Paranmeters for one section of the universal inage
geonetry nodel. There shall be from1l up to 64 nodel sections for one
image. If the nodel for this image is not divided into sections, there
shall be only one repetition of this group of paraneters. </remarks>
<gr oupName>| nage Secti on Paramet er s</ gr oupNane>
<maxi munOccur s>64</ maxi nunmOccur s>
<i ncl udesPar anet er >
<ex: Ext endedOper ati onPar anet er gm :i d="Secti onNunber " >
<remar ks>The row and col umm nunbers of this section of
t he universal image geonetry nodel for this inage. The paraneter val ue
contains an ordered list of two small integers, the first specifying
t he row nunber and the second specifying the colum nunber. For each
integer, the mnimumvalue is 1, and the maxi rumvalue is 8. </renarks>
<par anet er Name>Sect i on Nunber </ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xm " >i nt eger Li st </ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<Qper ati onPar anet er G oup gm : i d="Normal i zati onPar anet ers" >
<remar ks>G ound position normalization paraneters and
i mage position un-normalization paraneters, for this section of the
uni versal inmmge geonetry nodel. </renarks>
<gr oupName>G ound and | mage Position Normalization
Par amet er s</ gr oupNanme>
<i ncl udesPar anet er >
<ex: Ext endedOper ati onPar aneter gm :id="East O fset">
<remar ks>East position offset for normalizing
ground coordinates. The units shall be either Iength or angle units.
</ remar ks>
<par amet er Nane>East G ound Position
O f set </ par anet er Nane>
<ex: paranet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Lengt hOr Angl eType</ ex: par anet er Ty
pe>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedQper ati onPar aneter gm :id="NorthOf fset">
<remarks>North position offset for normalizing
ground coordi nates. The units shall be the sanme as for the East Ofset,
and either length or angle units. </renarks>
<par anet er Nane>North Ground Position
O f set </ par anet er Nane>
<ex: par anet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Lengt hOr Angl eType</ ex: par anet er Ty
pe>
</ ex: Ext endedQper at i onPar anet er >
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</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper at i onPar anet er
gm:id="Vertical Offset">
<remarks>Vertical position offset for normalizing
ground coordi nates. The units shall be length units. </remarks>
<par anet er Nane>Vertical G ound Position
O f set </ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Lengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedQper at i onPar anet er gm : i d="East Scal e" >
<remar ks>East scale factor for normalizing ground
coordi nates. The units shall be the sane as for the East Offset, either
length or angle units. </remarks>
<par amet er Nane>East G ound Position
Scal e</ par anet er Nane>
<ex: par amnet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Lengt hOr Angl eType</ ex: par anet er Ty
pe>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper ati onPar anet er gm :i d="NorthScal e" >
<remar ks>North scale factor for normalizing ground
coordi nates. The units shall be the sane as for the North O fset,
either length or angle units. </remarks>
<par amet er Nane>Nort h Ground Position
Scal e</ par anet er Nane>
<ex: paranet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Lengt hOr Angl eType</ ex: par anet er Ty
pe>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedQper at i onPar anet er
gm :id="Vertical Scal e">
<remarks>Vertical scale factor for normalizing
ground coordinates. The units shall be the same as for the Vertica
O fset, and shall be length units. </remarks>
<par amet er Nane>Vertical G ound Position
Scal e</ par anet er Nane>
<ex: par amnet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Lengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedQper ati onPar anet er gmi : i d="RowCf f set " >
<remar ks>l mage row position offset for un-
normal i zi ng i mage coordi nates. The units shall be one grid spacing.
</ remar ks>
<par amnet er Nane>| mrage Row Position
O f set </ par anet er Nane>
<ex: paranet er Type
codeSpace="par anet er TypeCodeLi st. xm ">G i dLengt hType</ ex: par anet er Type>
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</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper ati onPar anet er gm :i d="Col umCf f set ">
<renmar ks>l nage col umm position offset for un-
normal i zi ng i nage coordi nates. The units shall be one grid spacing.
</remar ks>
<par amet er Nane>| mage Col umm Posi tion
O f set </ par anet er Nane>
<ex: par amnet er Type
codeSpace="par anet er TypeCodeLi st. xm ">G i dLengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper ati onPar anet er gmni : i d="RowScal e" >
<remar ks>l mage row scale factors for un-
normal i zi ng i mage coordi nates. The units shall be one grid spacing.
</ remar ks>
<par amnet er Nane>| mage Row Position
Scal e</ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodeLi st. xm ">G i dLengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedQOper ati onPar anet er gm :i d="Col umScal e" >
<remar ks>l mage col um scale factors for un-
normal i zi ng i mage coordinates. The units shall be one grid spacing.
</ remar ks>
<par amet er Nane>| mage Col unm Position
Scal e</ par anet er Nane>
<ex: paranet er Type
codeSpace="par anet er TypeCodelLi st. xm ">G i dLengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
</ Qper at i onPar anet er G oup>
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<Qper at i onPar anet er G oup gm : i d="Pol ynom al s" >
<remar ks>Nurer at or and denom nat or pol ynoni al paraneters
for this section of the universal inage geonetry nodel. </remarks>
<gr oupNanme>Nuner at or and Denom nat or
Pol ynom al s</ gr oupNane>
<i ncl udesPar anet er >
<ex: Ext endedQper at i onPar anet er
gm : i d=" RowNuner at or Power s" >
<r emar ks>Maxi nrum powers of the three ground
coordi nates in the numerator polynom al for conputing the inage row
coordi nate. The paraneter value shall contain an ordered list of three
smal | integers, corresponding to the East, North, and Vertical ground
coordi nate axes. For each integer, the mininmumvalue is 1. For the East
and North axis integers, the maxinumvalue is 5. For the Vertical axis
i nteger, the maxi mumvalue is 3. </remarks>
<par amnet er Nane>Row Numer at or Maxi num
Power s</ par anet er Nanme>
<ex: paranet er Type
codeSpace="par anet er TypeCodeLi st. xm " >i nt eger Li st </ ex: par anet er Type>
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</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper at i onPar anet er
g : i d=" RowNurer at or Coeffi ci ents">
<remar ks>Pol ynom al coefficients in the nunerator
pol ynom al for conmputing the imge row coordi nate. The paraneter val ue
shall contain an ordered list of from8 to 144 Scal e neasures.
</ remar ks>
<par anet er Name>Row Nurrer at or Pol ynom al
Coef fi ci ent s</ par anet er Nane>
<ex: paranet er Type
codeSpace="par anet er TypeCodeli st . xml " >Scal eLi st Type</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<exX: Ext endedOper at i onPar anet er
gm : i d=" RowDenoni nat or Power s" >
<r emar ks>Maxi mum powers of the three ground
coordi nates in the denoninator polynomial for computing the image row
coordi nate. The paraneter value shall contain an ordered list of three
snmal |l integers, corresponding to the East, North, and Vertical ground
coordi nate axes. For each integer, the mininmumvalue is 1. For the East
and North axis integers, the maxinumvalue is 5. For the Vertical axis
i nteger, the maxi mumvalue is 3. </remarks>
<par anmet er Nane>Row Denoni nat or Maxi mum
Power s</ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodeLi st . xm " >i nt eger Li st </ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedQper at i onPar anet er
gm : i d="RowbDenomni nat or Coef fi ci ent s">
<remar ks>Pol ynoni al coefficients in the
denom nat or pol ynom al for conputing the inmage row coordi nate. The
par anet er val ue shall contain an ordered list of from8 to 144 Scal e
neasures. </remarks>
<par amet er Nane>Row Denom nat or Pol ynomi al
Coef fi ci ent s</ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Scal eLi st Type</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper at i onPar anet er
gm : i d=" Col ummNuner at or Power s" >
<r emar ks>Maxi mum powers of the three ground
coordi nates in the nunmerator polynonmial for conputing the inage col um
coordi nate. The paraneter value shall contain an ordered list of three
snal | integers, corresponding to the East, North, and Vertical ground
coordi nate axes. For each integer, the mninumvalue is 1. For the East
and North axis integers, the maxinumvalue is 5. For the Vertical axis
i nteger, the maxi mumvalue is 3. </remarks>
<par amet er Nane>Col utm Nurrer at or Maxi mum
Power s</ par anet er Nane>
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<ex: par amet er Type
codeSpace="par anet er TypeCodeLi st. xm " >i nt eger Li st </ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper at i onPar anet er
gm : i d=" Col ummNuner at or Coef fi ci ents">
<r emar ks>Pol ynom al coefficients in the numerator
pol ynom al for computing the image col umm coordi nate. The paraneter
val ue shall contain an ordered list of from8 to 144 Scal e neasures.
</remar ks>
<par anet er Nane>Col urm Numer at or Pol ynom al
Coef fi ci ent s</ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xml " >Scal eLi st Type</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedQper at i onPar anet er
gl : i d="Col utmDenoni nat or Power s" >
<r ermar ks>Maxi nrum powers of the three ground
coordi nates in the denom nator polynom al for conputing the imge
col um coordinate. The paraneter value shall contain an ordered |ist of
three small integers, corresponding to the East, North, and Vertica
ground coordi nate axes. For each integer, the nminimmvalue is 1. For
the East and North axis integers, the maxi mumvalue is 5. For the
Vertical axis integer, the maximumvalue is 3. </remarks>
<par amet er Nane>Col utmm Denomi nat or Maxi num
Power s</ par anet er Nanme>
<ex: par amnet er Type
codeSpace="par anet er TypeCodeLi st. xm " >i nt eger Li st </ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper at i onPar anet er
gm : i d=" Col ummDenomi nat or Coef fi ci ents" >
<remar ks>Pol ynoni al coefficients in the
denom nat or pol ynom al for conputing the image col umm coordinate. The
par amet er val ue shall contain an ordered list of from8 to 144 Scal e
neasures. </remarks>
<par anet er Nane>Col utm Denomi nat or Pol ynomi al
Coef fi ci ent s</ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Scal eLi st Type</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
</ OQper at i onPar anet er G oup>
</i ncl udesPar anet er >
</ OQper at i onPar anet er G oup>
</ usesPar anet er >
<usesPar anet er >
<Qper at i onPar anet er G oup gnl : i d="Monoscopi cErrors">
<remar ks>Hori zontal error estimtes for when a position in
this one inage is used to determi ne the correspondi ng ground
coordi nates, using this universal imge geonetry nodel for this inage.
</remar ks>
<gr oupNane>Monoscopi ¢ Error Esti mat es</ gr oupNane>
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<i ncl udesPar anet er >
<ex: Ext endedOper at i onPar anet er gm : i d="Ref erenceHei ght ">
<remar ks>The val ue of the ground el evati on or height
used to estimate the recorded horizontal error estimte when a position
in this one inage is used to deternine the correspondi ng ground
coordi nates. This reference height is in the Vertical coordinate system
axis of the ground CRS used by the universal inage geonetry nodel for
this image. </remarks>
<par amet er Nane>Monoscopi ¢ Error Estimate Reference
Hei ght </ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Lengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<eX: Ext endedOper ati onPar anet er gm :i d="Absol uteError">
<renmar ks>The val ue of the horizontal absolute error
estimate when a position in this one (nobnoscopic) imge is used to
determ ne the correspondi ng ground coordi nates. This error estimte
shal |l be recorded as the Crcular Error (CE) with 90% confi dence,
al ways in one netre units. The mininumvalue is 0.0. </remarks>
<par anmet er Nane>Monoscopi ¢ Absol ute Error
Esti mat e</ par anet er Nane>
<ex: par amet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Lengt hType</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<Qper ati onPar anmet er Goup gm :i d="Rel ati veError">
<remar ks>Rel ative error estinate for one distance bin
bet ween two points. These error estinates are for use when nultiple
positions in one (nbnoscopic) inage are used to determine the
correspondi ng ground coordi nates. </renmarks>
<groupNanme>Bi n Rel ative Error Esti mates</groupNane>
<m ni munCccur s>0</ m ni numCccur s>
<maxi munccur s>9</ maxi munccur s>
<i ncl udesPar anet er >
<ex: Ext endedOper ati onPar anet er gm :i d="Bi nDi st ances" >
<remar ks>The m ni num and nmaxi mum ground di st ances
bet ween two points for this distance bin recorded for horizonta
relative error estinmates. The paraneter val ue shall contain an ordered
list of two Length neasures, always in one netre units. The first val ue
specifies the bin mninum di stance, and the second val ue specifies the
bi n maxi mum di stance. The mi ni mum val ues are 0.0. </remarks>
<par amet er Nane>Monoscopi ¢ Rel ative Error Estimte
Bi n Di st ances</ par anet er Nane>
<ex: paranet er Type
codeSpace="par anet er TypeCodelLi st . xm " >Lengt hLi st Type</ ex: par anet er Type>
</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
<i ncl udesPar anet er >
<ex: Ext endedOper ati onPar aneter gm :id="BinError">
<remar ks>The val ue of the horizontal relative
error estimate between two points for this distance bin recorded for
hori zontal relative error estinmates. These error estimates are for use
when nultiple positions in one (nonoscopic) inmage are used to determ ne
t he correspondi ng ground coordi nates. The relative error estinate shal
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be recorded as the Crcular Error (CE) with 90% confidence, always in
one metre units. The mnimmvalue is 0.0. </renarks>

<par amet er Nane>Bi n Monoscopi ¢ Rel ative Error
Esti mat e</ par anmet er Nane>

<ex: par amnet er Type
codeSpace="par anet er TypeCodeLi st. xm " >Lengt hType</ ex: par anet er Type>

</ ex: Ext endedQper at i onPar anet er >
</i ncl udesPar anet er >
</ Oper at i onPar anet er G oup>
</i ncl udesPar anet er >
</ Qper at i onPar anet er G oup>
</ usesPar anet er >

</ OQper at i onMet hod>
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Annex G
(informative)

UML to XML schemas conversion process

G.1 General

This document describes an application of ISO 19118 Annex A "XML based encoding
rule" to a UML model of Coordinate Reference System and Coordinate Operation
definition data. The UML model converted to XML Schemas is based on OGC Abstract
Specification Topic 2: Spatial Referencing by Coordinates (OGC 02-102). That UML
model has been expanded and revised, to improve it and to slightly better support
conversion to XML Schemas. That revised UML model is intended to replace the UML
model now in Topic 2, and is currently documented in OGC document 03-009r7.

This conversion to XML Schemas was done in a manner that makes the results consistent
with GML 3.0. Therefore, many of the details of many of the encoding rules used were
adapted to produce XML Schemas consistent with the GML 3 schema patterns, and to
use some of the XML elements and types defined in the GML 3 schemas.

NOTE Many of the GML 3 schema patterns are described in Subclauses 6.4, 7.1, 7.2. 8.1 through 8.3,
and 8.6 of the GML 3.00 Implementation Specification.

This annex lists the "rules" used in this UML model to XML Schemas conversion
process. Those rules are described in the following subclauses, for converting UML:

a) Packages

b) Classes

c) Attributes
d) Associations
e) Multiplicities
f) Other

EDITOR’S NOTE  The following rules have not been revised to reflect all the changes made in this
version of this document.

G.2 Rules for packages

The rules used to convert UML model packages to XML Schemas were:
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Rule 1 Convert each UML package into a separate XML Schema Document. Name each
XML Schema Document like the UML package, with spaces removed, the first
character changed to lower case, and the word "System" made plural.

Example | UML package name: Coordinate Reference System
XML Schema name: coordinateReferenceSystems.xsd

Reason(s) | Produce multiple (i.e., 6) XML Schema documents (not one), following GML
patterns.

Exceptions | None
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Rule 2

Begin each XML Schema Document with standard header information.

Example

<?xml version="1.0" encoding="UTF-8"?>
<schema targetNamespace="http://www.opengis.net/gml"
xmlns:gml="http://www.opengis.net/gml"
xmlns="http://www.w3.0rg/2001/XMLSchema" elementFormDefault="qualified"
version="3.0.0" xml:lang="en">
<annotation>
<appinfo source="urn:opengis:specification:gml:schema-
coordinateReferenceSystems:v3.0c3"/>
<documentation>
<name>coordinateReferenceSystems.xsd</name>
<version>3.0.0</version>
<scope>How to encode coordinate reference system definitions. </scope>
<description>Builds on referenceSystems.xsd to encode the data needed to
define coordinate reference systems, including the specific subtypes of coordinate
reference systems. Primary editor: Arliss Whiteside. Last updated 2003/01/08.
</description>
<copyright>Copyright (¢) 2002-2003 Open GIS Consortium, All Rights
Reserved.</copyright>
<conformance>This schema encodes the Coordinate Reference System
(SC ) package of the extended UML Model for OGC Abstract Specification Topic 2:
Spatial Referencing by Coordinates, with the exception of the abstract "SC_CRS"
class. The "SC_CRS" class is encoded in referenceSystems.xsd, to eliminate the
(circular) references from coordinateOperations.xsd to
coordinateReferenceSystems.xsd. That UML model is adapted from ISO 19111 -
Spatial referencing by coordinates, as described in Annex C of Topic 2.
</conformance>
</documentation>

</annotation>
<l--

includes and imports

-->

[Insert here needed <include> statements]
<l--

elements and types

-—>

[Insert here XML encoded UML classes, attributes, and associations]
</schema>

Reason(s)

Produce XML Schema Documents that follow GML patterns.

Exceptions

None
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Rule 3 Include "xsd:include" statements in each XML Schema Document as needed for
other XML Schema Documents referenced.

Example | [In coordinateReferenceSystems.xsd:]

<include schemalocation="coordinateSystems.xsd"/>
<include schemalocation="datums.xsd"/>

<include schemalocation="coordinateOperations.xsd"/>

Reason(s) | Produce valid XML Schema Documents.

Exceptions | None

Rule 4 Remove suffix containing two-letter UML package abbreviation plus following
underscore character from class names, as classes and attribute data types are
converted to XML Schema elements.

Example | UML class name: SC_GeographicCRS
XML element name: GeographicCRS

Reason(s) |Produce XML: Schema element names following the GML pattern.

Exceptions | None

Rule 5 Encode EX Extent UML class in referenceSystems.xsd, based on specification of
that class in ISO 19115 but using relevant GML 3 complexTypes.

Example | Not applicable

Reason(s) | Not create another XML Schema document, for a short XML encoding

Exceptions | None

Rule 6 Move XML encoded version of SC_CRS class to referenceSystems.xsd from
coordinateReferenceSystems.xsd

Example |Move CRS element, crsRef element, and related complexTypes.

Reason(s) | Remove prohibited circular reference between coordinateReferenceSystems.xsd and
coordinateOperations.xsd. (TBR)

Exceptions | None

G.3 Rules for classes

The rules used to convert UML model classes to XML Schemas were:

NOTE Most of these rules copy the documentation of each UML class into a <documentation>
element of the XML complexType or element converted from this UML class attribute, in order to keep the
UML class documentation for human understanding of the XML Schemas.
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Rule 7

Convert each UML class with <<DataType>> stereotype to XML Schema global
declaration of complexType, with same name augmented with "Type" suffix and with
<documentation> element copying documentation of UML class.

Example

UML class:

<<DataType>>
DQ_CovarianceElement

+ rowlndex: Integer
+ columnindex: Integer
+ covariance : Double

XML Schema:
<complexType name="CovarianceElementType">
<annotation>
<documentation>An element of a covariance matrix.</documentation>
</annotation>
<sequence>
[Insert here XML elements encoding UML attributes]
</sequence>

</complexType>
< >

Reason(s)

Use XML Schema global complexType, with names following GML patterns.

Exceptions

a) Do not XML encode CI_Citation class, since such information can be included
as metaDataProperty elements, which are optionally allowed.

b) XML encode EX Extent class in referenceSystems.xsd.

Applies to

UML classes: RS Identifier, DQ_ CovarianceElement, EX Extent, CI_Citation
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Rule 8 Convert each UML class with <<CodeList>> stereotype to XML Schema global
declarations of:

a) element with same name except first letter not capitalized, and having the
following complexType.

b) complexType with same name augmented with "Type" suffix, with standard
contents for a <<CodeList>> class except including <documentation> element
copying documentation of UML class.

Example | UML class:
<<CodelList>>
CD_PixelInCell
+ cell center
+ cell corner

XML Schema:
<element name="pixellnCell" type="gml:PixelInCell Type"/>
<J-- -—>
<complexType name="PixellnCellType">

<annotation>
<documentation>Specification of the way an image grid is associated
with the image data attributes. </documentation>
</annotation>
<simpleContent>
<restriction base="gml:CodeType">
<attribute name="codeSpace" type="anyURI" use="required">
<annotation>
<documentation>Reference to a source of information
specifying the values and meanings of all the allowed string values for this
PixelInCellType. </documentation>
</annotation>
</attribute>
</restriction>
</simpleContent>
</complexType>
<l-- -—>
Reason(s) | Allow the specific values allowed in a CodeList to be specified elsewhere and
referenced here.
Exceptions | None
Applies to | UML classes: SC_DerivedCRSType, CD_PixellnCell, CD_VerticalDatumType
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Rule 9

Convert each UML class with <<Union>> stereotype to XML Schema global
declarations of:

a) element with same name except first letter not capitalized, and having the
following complexType.

b) complexType with same name augmented with "Type" suffix, containing a
<choice> construct and <documentation> element copying documentation of
UML class.

Example

UML class:

<<Union>>
CD_SecondDefiningParameter

+ inverseFlattening : Scale
+ semiMinorAxis : Length
+ isSphere : String = "sphere"

XML Schema:

<element name="secondDefiningParameter"
type="gml:SecondDefiningParameterType"/>
<!-- >
<complexType name="SecondDefiningParameterType">
<annotation>
<documentation>Definition of the second parameter which defines the
shape of an ellipsoid. An ellipsoid requires two defining parameters: semi-major axis
and inverse flattening or semi-major axis and semi-minor axis. When the reference
body is a sphere rather than an ellipsoid, only a single defining parameter is required,
namely the radius of the sphere; in that case, the semi-major axis "degenerates" into
the radius of the sphere.</documentation>
</annotation>
<choice>
[Insert here XML elements encoding UML attributes]
</choice>
</complexType>
<!-- >

Reason(s)

Use XML Schema global element and complexType.

Exceptions

For CC_ParameterValue class, add to complexType <documentation> some
guidance for Application Schemas.

Applies to

UML classes: CD_SecondDefiningParameter, CC_ParameterValue
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Rule 10 Convert each UML class that is not a subclass of another class, has <<Abstract>>
stereotype, and does not have (direct or inherited) identity, to XML Schema global
declarations of:

a) element with same name except first letter not capitalized, having the following
complexType and with abstract="true".

b) complexType with same name augmented with "Type" suffix, containing a
<sequence> construct and <documentation> element copying documentation of
UML class.

Example |UML class:

<<Abstract>>
DQ_PositionalAccuracy
+ measureDescription [0..1] : String

XML Schema:
<element name="_positionalAccuracy"

type="gml: AbstractPositional AccuracyType" abstract="true"/>
<J-- -
<complexType name="AbstractPositional AccuracyType" abstract="true">

<annotation>
<documentation>Position error estimate (or accuracy) data.
</documentation>
</annotation>
<sequence>
[Insert here XML elements encoding UML attributes]
</sequence>
</complexType>
<J-- -
Reason(s) | Use XML Schema global element and complexType, following GML patterns.
Exceptions |a) For CC_GeneralOperationParameter, extend gml:DefinitionType as described in
following rule.

b) For CC_GeneralParameterValue, add to complexType <documentation> some
guidance for Applications Schemas.

Applies to | UML classes: CC_GeneralParameterValue, DQ_Positional Accuracy
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Rule 11 Convert CC_GeneralOperationParameter UML class (that is not a subclass of another
class, has <<Abstract>> stereotype, and does not have (direct or inherited) identity),
to XML Schema global declarations of:

a) element with same name augmented with " " prefix, having the following
complexType, with abstract="true", and in substitutionGroup of gml:Definition .

b) complexType with same name augmented with "Type" suffix, extending
gml:DefinitionType, and with <documentation> element copying documentation
of UML class.

¢) eclement with same name augmented with "Ref" suffix and first character made
lower case, having the following complexType and in substitutionGroup of
gml:dictionaryEntry.

d) complexType with same name augmented with "RefType" suffix and first
character made lower case, with contents restricting gml: DictionaryEntryType,
substituting name of element a) above for "gml:Definition". Include
<documentation> element adapted from gml: AssociationType.

Example |UML class:

<<Abstract>>
CC_General OperationParameter

+ minimumOccurs [0..1] : Integer

XML Schema:

<element name="_GeneralOperationParameter"
type="gml: AbstractGeneralOperationParameterType" abstract="true"
substitutionGroup="gml:Definition"/>
<!-- ->
<complexType name="AbstractGeneralOperationParameterType"
abstract="true">
<annotation>
<documentation>The definition of a parameter or group of parameters used
by an operation method. </documentation>
</annotation>
<complexContent>
<extension base="gml:DefinitionType">
<sequence>
[Insert here XML elements encoding UML attributes]
</sequence>
</extension>
</complexContent>
</complexType>
<!-- >
<element name="abstractGeneralOperationParameterRef"
type="gml: AbstractGeneralOperationParameterRefType"
substitutionGroup="gml:dictionaryEntry"/>
<!-- >
<complexType name="AbstractGeneralOperationParameterRefType">
<annotation>
<documentation>Association to an operation parameter or group, either
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referencing or containing the definition of that parameter or group. </documentation>
</annotation>
<complexContent>
<restriction base
<sequence>
<element ref="gml: GeneralOperationParameter" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</restriction>
</complexContent>
</complexType>
<J-- >

—"

gml:DictionaryEntryType">

Reason(s)

Use XML Schema global element and complexType, following GML patterns.

Exceptions

None

Applies to

UML classes: CC_GeneralParameterValue, DQ PositionalAccuracy
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Rule 12

Convert each UML class that is not a subclass of another class, has <<Abstract>>
stereotype, and has direct identity, to XML Schema global declarations of:

a) element with same name, having the corresponding complexType, with
abstract="true", and in substitutionGroup of gml:Definition element.

b) complexType with same name augmented with "BaseType" suffix, with
abstract="true", restricting gml:DefinitionType to contain one occurrence of the
"xxxName" element encoding the "xxxName" UML attribute, instead of zero or
more occurrences of the "gml:Name" element.

c) complexType with same name augmented with "Type" suffix, extending the
above complexType, containing a <sequence> construct and <documentation>
element copying documentation of this UML class.

d) element with same name augmented with "Ref" suffix and first character made
lower case, having the following complexType, and in substitutionGroup of
gml:dictionaryEntry.

e) complexType with same name augmented with "RefType" suffix and first
character made lower case, with contents restricting gml: DictionaryEntryType
and substituting name of element a) above for "gml:Definition". Include
<documentation> element adapted from gml:AssociationType.

Example

UML class:

<<Abstract>>
RS _ReferenceSystem
+ srsName : String
+srsID [0..] : RS_Identifier
+ validArea [0..1]: EX_Extent
+ scope [0..1] : String

XML Schema:

<element name="_ReferenceSystem" type="gml:AbstractReferenceSystemType"
abstract="true" substitutionGroup="gml:Definition"/>
<!-- >
<complexType name="AbstractReferenceSystemBaseType" abstract="true">
<annotation>
<documentation>Basic encoding for reference system objects, simplifying
and restricting the DefinitionType as needed. </ documentation>
</annotation>
<complexContent>
<restriction base="gml:DefinitionType">
<sequence>
< element ref="gml:metaDataProperty" minOccurs="0"
maxOccurs="unbounded"/>
< element ref="gml:srsName"/>
</ sequence>
< attribute ref="gml:id" use="required"/>
</ restriction>
</ complexContent>
</ complexType>
<!-- >
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[Insert here XML encoding of "xxxName" UML attribute]
<l-- >
< complexType name="AbstractReferenceSystemType" abstract="true">
< annotation>
< documentation>Description of a spatial and/or temporal reference system
used by a dataset. </ documentation>
</ annotation>
< complexContent>
< extension base="gml:AbstractReferenceSystemBaseType">
< sequence>
[Insert here XML elements encoding UML associations and
attributes, except xxxName]
</ sequence>
</ extension>
</ complexContent>
</ complexType>
<!-- >
< element name="referenceSystemRef" type="gml:ReferenceSystemRefType"
substitutionGroup="gml:dictionaryEntry"/>
<!-- -
< complexType name="ReferenceSystemRefType">
< annotation>
< documentation>Association to a reference system, either referencing or
containing the definition of that reference system. </ documentation>
</ annotation>
<complexContent>
<restriction base="gml:DictionaryEntryType">
< sequence>
< element ref="gml: ReferenceSystem" minOccurs="0"/>
</ sequence>
< attributeGroup ref="gml:AssociationAttributeGroup"/>

</restriction>
</complexContent>
</ complexType>
<l-- -->
Reason(s) | Make encoded class substitutable for a gml:Definition and thus includable in a
gml:Dictionary. Use XML Schema global elements and complexTypes, following
GML patterns.
Exceptions | None
Applies to | UML classes: RS ReferenceSystem, CD Datum, CS_CoordinateSystem,
CC_CoordinateOperation, CC_OperationMethod
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Rule 13

Convert each UML class that is a subclass of another class, has <<Abstract>>
stereotype, and inherited identity, to XML Schema global declarations of:

a) element with same name augmented with " " prefix, having the following
complexType, with abstract="true", and in substitutionGroup of element from
superclass.

b) complexType with same name augmented with "Type" suffix and "Abstract"
prefix, with abstract="true", extending complexType of superclass, containing a
<sequence> construct and <documentation> element copying documentation of
this UML class.

c) element with same name augmented with "Ref" suffix and first character made
lower case, having the following complexType and in substitutionGroup of
"...Ref" element from superclass.

d) complexType with same name augmented with "RefType" suffix and first
character made lower case, with contents restricting "...RefType" complexType
of superclass, substituting name of element a) above for "gml: Object". Include
<documentation> element adapted from gml: AssociationType.

Example

UML class:

<<Abstract>>
SC_GeneralDerivedCRS

XML Schema:

<element name="_GeneralDerivedCRS"
type="gml: AbstractGeneralDerivedCRSType" abstract="true"

substitutionGroup="gml: CoordinateReferenceSystem"/>
<J-- -
<complexType name="AbstractGeneralDerivedCRSType" abstract="true">
<annotation>

<documentation>A coordinate reference system that is defined by its
coordinate conversion from another coordinate reference system (not by a datum).
</documentation>
</annotation>
<complexContent>
<extension base="gml:AbstractCoordinateReferenceSystemType">
<sequence>
[Insert here XML elements encoding UML attributes and
associations]
</sequence>
</extension>
</complexContent>
</complexType>
<l-- >

<element name="generalDerivedCRSRef"
type="gml:GeneralDerivedCRSRefType"

substitutionGroup="gml:coordinateReferenceSystemRef"/>
<l-- >
<complexType name="GeneralDerivedCRSRefType">
<annotation>
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<documentation>Association to a general derived coordinate reference
system, either referencing or containing the definition of that reference system.
</documentation>
</annotation>
<complexContent>
<restriction base="gml:CoordinateReferenceSystemRefType">
<sequence>
<element ref="gml: GeneralDerivedCRS" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml: AssociationAttributeGroup"/>
</restriction>
</complexContent>
</complexType>
<l-- -—>

Reason(s)

Use XML Schema global elements and complexTypes, following GML patterns.

Exceptions

For the CC_Operation class, do not include in the primary complexType the elements
encoding the associations to CC_OperationMethod and CC_ParameterValue. Instead,
include the elements encoding these associations in both the Conversion and
Transformation elements. Add to complexType <documentation> some guidance for
Application Schemas.

Applies to

UML classes: SC_CRS, SC CoordinateReferenceSystem, SC_GeneralDerivedCRS,
CC_SingleOperation, CC_Operation
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Rule 14

Convert each UML class that is not a subclass of another class, has no stereotype, and
has direct identity, to XML Schema global declarations of:

a) element with same name, having the corresponding complexType and in
substitutionGroup of gml:Definition element.

b) complexType with same name augmented with "BaseType" suffix, restricting
gml:DefinitionType to contain one occurrence of the "xxxName" element
encoding the "xxxName" UML attribute, instead of zero or more occurrences of
the "gml:Name" element.

c) complexType with same name augmented with "Type" suffix, extending the
above "BaseType" complexType, containing a <sequence> construct and
<documentation> element copying documentation of this UML class.

d) element with same name augmented with "Ref" suffix and first character made
lower case, having the following complexType, and in substitutionGroup of
gml:dictionaryEntry.

e) complexType with same name augmented with "RefType" suffix and first
character made lower case, with contents restricting gml: DictionaryEntryType
and substituting name of element a) above for "gml:Definition". Include
<documentation> element adapted from gml:AssociationType.

Example

UML class:

CD_PrimeMeridian

+ meridianName : String
+ meridianID [0..] : RS_Identifier
+ greenwichLongitude : Angle =0

XML Schema:

<element name="PrimeMeridian" type="gml:PrimeMeridianType"
substitutionGroup="gml:Definition"/>
<I-- -—>
<complexType name="PrimeMeridianBaseType" abstract="true">
<annotation>
<documentation>Basic encoding for prime meridian objects, simplifying
and restricting the DefinitionType as needed. </documentation>
</annotation>
<complexContent>
<restriction base
<sequence>
<element ref="gml:metaDataProperty" minOccurs="0"
maxQOccurs="unbounded"/>
<element ref="gml:meridianName"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
</complexContent>
</complexType>
<l-- -—>
[Insert here XML encoding of "xxxName" UML attribute]
<|_- >

—"

gml:DefinitionType">
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<complexType name="PrimeMeridianType">
<annotation>
<documentation>A prime meridian defines the origin from which
longitude values are determined.</documentation>
</annotation>
<complexContent>
<extension base="gml:PrimeMeridianBaseType">
<sequence>
[Insert here XML elements encoding UML associations and
attributes except xxxName]
</sequence>
</extension>
</complexContent>
</complexType>
<!-- >

Reason(s) | Make encoded class substitutable for a gml:Definition and includable in a
gml:Dictionary. Use XML Schema global elements and complexTypes, following
GML patterns.

Exceptions | None

Applies to | UML classes: CD_Ellipsoid, CD_PrimeMeridian, CS_CoordinateSystemAxis,
CC_OperationMethod
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Rule 15 Convert each UML class that is a subclass of another class, has no stereotype, and no

(direct or inherited) identity, to XML Schema global declarations of:

a) element with same name except first letter not capitalized, having the following
complexType and in substitutionGroup of element from superclass.

b) complexType with same name augmented with "Type" suffix, extending
complexType of superclass, and containing a <sequence> construct and
<documentation> element copying documentation of UML class.

Example |UML class:
DQ_CovarianceMatrix
+ unitOfMeasure [1.."] : UnitOfMeasure

XML Schema:
<element name="covarianceMatrix" type="gml:CovarianceMatrix Type"

substitutionGroup="gml:_positional Accuracy"/>
<J-- -
<complexType name="CovarianceMatrix Type">

<annotation>
<documentation>Error estimate covariance matrix. </documentation>
</annotation>
<complexContent>
<extension base="gml:AbstractPositional AccuracyType">
<sequence>
[Insert here XML elements encoding UML attributes]
</sequence>
</extension>
</complexContent>
</complexType>
<J-- -
Reason(s) | Use XML Schema global element and complexType, following GML patterns.
Exceptions | For CC_ParameterValueGroup, add to <documentation> guidance for use by specific

Conversions and Transformations.

Applies to | UML classes: DQ CovarianceMatrix, DQ AbsoluteExternalPositionAccuracy,

DQ_RelativelnternalPositionAccuracy, CC_ParameterValueGroup
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Rule 16 Convert each UML class that is a subclass of another class, has no stereotype, and
has direct identity, to XML Schema global declarations of:

a) element with same name, having the corresponding complexType and in
substitutionGroup of gml:Definition element.

b) complexType with same name augmented with "BaseType" suffix, restricting
gml:DefinitionType complexType to contain one occurrence of the "xxxName"
element encoding the "xxxName" UML attribute, instead of zero or more
occurrences of the "gml:Name" element.

c) complexType with same name augmented with "Type" suffix, extending the
above "BaseType" complexType, containing a <sequence> construct and
<documentation> element copying documentation of this UML class.

d) element with same name augmented with "Ref" suffix and first character made
lower case, having the following complexType.

e) complexType with same name augmented with "RefType" suffix and first
character made lower case, with contents restricting "RefType" of superclass,
substituting name of element a) above for "gml:Definition". Include
<documentation> element adapted from gml:AssociationType.

Example |UML class:
CC_OperationParameter
+ parameterName : String
+ parameterID [0..*] : RS_Identifier

XML Schema:
<element name="OperationParameter" type="gml:OperationParameterType"

substitutionGroup="gml: GeneralOperationParameter"/>
<!-- >
<complexType name="OperationParameterBaseType" abstract="true">

<annotation>
<documentation>Basic encoding for operation parameter objects,
simplifying and restricting the DefinitionType as needed. </documentation>
</annotation>
<complexContent>
<restriction base="gml: AbstractGeneralOperationParameterType">
<sequence>
<element ref="gml:metaDataProperty" minOccurs="0"
maxOccurs="unbounded"/>
<element ref="gml:parameterName"/>
<element ref="gml:minimumOccurs" minOccurs="0"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
</complexContent>
</complexType>
<!-- -
[Insert here XML encoding of "xxxName" UML attribute]
<!-- >
<complexType name="OperationParameterType">
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<annotation>
<documentation>The definition of a parameter used by an operation
method. Most parameter values are numeric, but other types of parameter values are
possible. This complexType is expected to be used or extended for all operation
methods, without defining operation-method-specialized element names.
</documentation>
</annotation>
<complexContent>
<extension base="gml:OperationParameterBaseType">
<sequence>
[Insert here XML elements encoding UML associations and
attributes, except xxxName]|
</sequence>
</extension>
</complexContent>
</complexType>
<l-- >
<element name="operationParameterRef"

type="gml:OperationParameterRefType"/>
<!-- >
<complexType name="OperationParameterRefType">
<annotation>

<documentation>Association to an operation parameter, either referencing
or containing the definition of that parameter. </documentation>

</annotation>
<complexContent>
<restriction base="gml:AbstractGeneralOperationParameterRefType">
<sequence>
<element ref="gml:OperationParameter" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</restriction>
</complexContent>
</complexType>
<!-- >
Reason(s) | Make encoded class substitutable for a gml:Definition and includable in a
gml:Dictionary. Use XML Schema global elements and complexTypes, following
GML patterns.
Exceptions | None
Applies to | UML classes: CC_OperationParameter, CC_OperationParameterGroup
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Rule 17

Convert each UML class that is a subclass of another class, has no stereotype, and
has inherited identity, to XML Schema global declarations of:

a) element with same name, having following complexType, and in
substitutionGroup of element from superclass.

b) complexType with same name augmented with "Type" suffix, extending
complexType of superclass, containing a <sequence> construct and
<documentation> element copying documentation of this UML class.

c) element with same name augmented with "Ref" suffix and first character made
lower case, having the following complexType and in substitutionGroup of the
"...Ref" element from superclass.

d) complexType with same name augmented with "RefType" suffix and first
character not capitalized, with contents restricting "...RefType" of superclass and
substituting name of element a) above for "gml:Definition". Include
<documentation> element adapted from gml: AssociationType.

Example

UML class:
SC_GeographicCRS

XML Schema:

<element name="GeographicCRS" type="gml:GeographicCRSType"
substitutionGroup="gml: CoordinateReferenceSystem"/>
<J-- -
<complexType name="GeographicCRSType">
<annotation>
<documentation>A coordinate reference system based on an ellipsoidal
approximation of the geoid; this provides an accurate representation of the geometry
of geographic features for a large portion of the earth's surface.</documentation>
</annotation>
<complexContent>
<extension base="gml:AbstractCoordinateReferenceSystemType">
<sequence>
[Insert here XML elements encoding UML attributes and

associations]
</sequence>
</extension>
</complexContent>
</complexType>
<l-- >
<element name="geographicCRSRef" type="gml:GeographicCRSRefType"
substitutionGroup="gml:coordinateReferenceSystemRef"/>
<l-- >
<complexType name="GeographicCRSRefType">
<annotation>
<documentation>Association to a geographic coordinate reference
system, either referencing or containing the definition of that reference system.
</documentation>
</annotation>
<complexContent>
<restriction base="gml:CoordinateReferenceSystemRefType">
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<sequence>
<element ref="gml:GeographicCRS" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml: AssociationAttributeGroup"/>
</restriction>
</complexContent>
</complexType>
<J-- -—>

Reason(s)

Use XML Schema global elements and complexTypes, following GML patterns.

Exceptions

a)
b)

c)

Do not XML encode RS SpatailReferenceSystemUsingGeographicldentifier
class, since not relevant to coordinate reference systems.

For CD_TemporalDatum class, first restrict CD_DatumType to eliminate
prohibited attributes, and then extend it to add additional attribute.

For CC_Conversion and CC_Transformation classes, also encode a "General..."
element as specified in following rule.

Applies to

UML classes: RS_SpatailReferenceSystemUsingGeographicldentifier,
SC_CompoundCRS, SC Vertical CRS, SC_GeographicCRS, SC_GeocentiricCRS,
SC_EngineeringCRS, SC _ImageCRS, SC_TemporalCRS, SC ProjectedCRS,

SC DerivedCRS, CD ImageDatum, CD_EngineeringDatum, CD GeodeticDatum,
CD_TemporalDatum, CD_VerticalDatum, CS_EllipsoidalCS, CS_CartesianCS,
CS_TemporalCS, CS_GravityRelatedCS, CS_UserDefinedCS, CS LinearCS,
CS_ObliqueCartesianCS, CS_PolarCS, CS_SphericalCS, CS_CylindricalCS,
CC_ConcatenatedOperation, CC_PassThoughOperation, CC_OperationParameter
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Rule 18

Convert CC_Conversion and CC_Transformation classes (each a subclass of another
class, has no stereotype, and has inherited identity), to XML Schema global
declarations of:

a) element with same name augmented with " General" prefix, having following
complexType, with abstract="true", and in substitutionGroup of element from
superclass.

b) complexType with same name augmented with "AbstractGeneral" prefix and
“Type” suffix, with abstract="true", and restricting AbstractOperationType to
reflect constraints on multiplicity of sourceCRS and targetCRS stated as noted on
those associations. For AbstractGeneralConversion element, omit
operationVersion element to reflect "operationVersion [0..0] : String" UML
attribute. For AbstractGeneral Transformation element, omit minOccurs="0" on
operationVersion element to reflect "operationVersion : String" UML attribute.
Include <documentation> element copying documentation of this UML class
augmented with guidance on using this element in an Application Schema.

c) element with same name augmented with " General" prefix and "Ref" suffix and
first character made lower case, having the following complexType and in
substitutionGroup of "...Ref" element from superclass.

d) complexType with same name augmented with augmented with
"AbstractGeneral" prefix and "RefType" suffix and first character not capitalized,
with contents restricting "...RefType" complexType of superclass, and
substituting name of element a) above for "gml:Definition". Include
<documentation> element adapted from gml:AssociationType.

e) element with same name, having following complexType, and in
substitutionGroup of element from item a) above.

f) complexType with same name augmented with "Type" suffix, extending
complexType of item b) above and containing a <sequence> construct. Include
<documentation> element copying documentation of this UML class augmented
with guidance on using this element in an Application Schema.

g) element with same name augmented with "Ref" suffix and first character made
lower case, having the following complexType and in substitutionGroup of
"...Ref" element from item c) above.

h) complexType with same name augmented with "RefType" suffix and first
character not capitalized, with contents restricting "...RefType" complexType of
item d) above and substituting name of element e) above for "gml:Definition".
Include <documentation> element adapted from gml: AssociationType.

Example

UML class:

CC_Conversion
+ operationVersion [0..0] : String

XML Schema:

<element name="_GeneralConversion"
type="gml:AbstractGeneralConversionType" abstract="true"
substitutionGroup="gml:_Operation"/>

<complexType name="AbstractGeneralConversionType" abstract="true">
<annotation>
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<documentation>An abstract operation on coordinates that does not
include any change of datum. The best-known example of a coordinate conversion is
a map projection. The parameters describing coordinate conversions are defined
rather than empirically derived. Note that some conversions have no parameters.

This abstract complexType is expected to be extended for well-known operation
methods with many Conversion instances, in Application Schemas that define
operation-method-specialized element names and contents. This conversion uses an
operation method, usually with associated parameter values. However, operation
methods and parameters are directly associated with concrete subtypes, not with this
abstract type. All concrete types derived from this type shall extend this type to
include a "usesMethod" element that references the "OperationMethod" element.
Similarly, all concrete types derived from this type shall extend this type to include
zero or more elements each named "uses...Value" that each use the type of an
element substitutable for the "_generalParameterValue" element. </documentation>
</annotation>
<complexContent>
<restriction base="gml:AbstractOperationType">
<sequence>
<element ref="gml:metaDataProperty" minOccurs="0"
maxOccurs="unbounded"/>
<element ref="gml:remarks" minOccurs="0"/>
<element ref="gml:coordinateOperationName"/>
<element ref="gml:coordinateOperationID" minOccurs="0"
maxOccurs="unbounded"/>
<element ref="gml:validArea" minOccurs="0"/>
<element ref="gml:scope" minOccurs="0"/>
<element ref="gml:_positionalAccuracy" minOccurs="0"/>
</sequence>
<attribute ref="gml:id" use="required"/>
</restriction>
</complexContent>
</complexType>
<!_- S S S S o S S S S S S S . S S e e e e e e e e e e e == __>
<element name="generalConversionRef" type="gml:GeneralConversionRefType"
substitutionGroup="gml:operationRef"/>

<complexType name="GeneralConversionRefType">
<annotation>
<documentation>Association to a general conversion, either referencing or
containing the definition of that conversion. </documentation>
</annotation>
<complexContent>
<restriction base="gml:OperationRefType">
<sequence>
<element ref="gml:_GeneralConversion" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</restriction>
</complexContent>
</complexType>

<element name="Conversion" type="gml:ConversionType"
substitutionGroup="gml:_GeneralConversion"/>

<complexType name="ConversionType">
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<annotation>
<documentation>A concrete operation on coordinates that does not
include any change of Datum. The best-known example of a coordinate conversion is
a map projection. The parameters describing coordinate conversions are defined
rather than empirically derived. Note that some conversions have no parameters.

This concrete complexType can be used with all operation methods, without using an
Application Schema that defines operation-method-specialized element names and
contents. This abstract complexType can also be used, extended, or restricted for
well-known operation methods, especially for methods with only one Conversion
instance. </documentation>
</annotation>
<complexContent>
<extension base="gml:AbstractGeneralConversionType">
<sequence>
<element ref="gml:usesMethod"/>
<element ref="gml:usesValue" minOccurs="0"
maxOccurs="unbounded"/>
</sequence>
</extension>
</complexContent>
</complexType>
<!_- S S S S o S S S S S S S . S S e e e e e e e e e e e == __>
<element name="usesMethod" type="gml:OperationMethodRefType">
<annotation>
<documentation>Association to the operation method used by this
conversion operation. </documentation>
</annotation>
</element>
<!_- e e e s e e s _->
<element name="usesValue" type="gml:ParameterValueType">
<annotation>
<documentation>Unordered set of composition associations to the set of
parameter values used by this conversion operation. </documentation>
</annotation>
</element>
<l =====oooooooooooooooooooooooooooooooooooooooooososs >
<element name="conversionRef" type="gml:ConversionRefType"
substitutionGroup="gml:generalConversionRef"/>

<complexType name="ConversionRefType">
<annotation>
<documentation>Association to a concrete general-purpose conversion,
either referencing or containing the definition of that conversion. </documentation>
</annotation>
<complexContent>
<restriction base="gml:GeneralConversionRefType">

<sequence>
<element ref="gml:Conversion" minOccurs="0"/>
</sequence>
<attributeGroup ref="gml:AssociationAttributeGroup"/>
</restriction>

</complexContent>
</complexType>
<l-- >
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Reason(s) |In addition to concrete element and complexType, provide abstract element and
complexType to allow Application Schemas to restrict contents without using XML
Schema restriction. Use XML Schema global elements and complexTypes, following
GML patterns.

Exceptions | None

Applies to | UML classes: CC_Conversion, CC_Transformation

The following table summarizes the conditions under which the rules listed above are
applicable.

Stereotype Is Subclass? Has Identity? | Rule Number
<<DataType>> 7
<<CodeList>> 8
<<Union>> 9
<<Abstract>> | No No 10 and 11
<<Abstract>> | No Direct 12
<<Abstract>> | No Inherited (none)
<<Abstract>> | Yes No (none)
<<Abstract>> | Yes Direct (none)
<<Abstract>> | Yes Inherited 13
(none) No No (none)
(none) No Direct 14
(none) No Inherited (none)
(none) Yes No 15
(none) Yes Direct 16
(none) Yes Inherited 17 and 18

G.4 Rules for attributes

The rules used to convert UML model (class) attributes to XML Schemas were:

NOTE 1 Most of these rules copy the documentation of each UML attribute into a <documentation>
element of the XML element converted from this UML attribute, in order to keep the UML attribute
documentation for human understanding of the XML Schemas.

NOTE 2  Most of these rules use global XML elements (instead of local elements inside another element)
for flexibility. Use of global elements allows Application Schemas in another namespace to restrict tan
element containing only global elements.
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Rule 19

Convert each UML attribute with type "Boolean" to XML Schema declarations of:

a) Reference to following element inside <choice> or <sequence> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type xsd:boolean, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute: + booleanValue : Boolean
XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml:booleanValue"/>

Global element declaration:

<element name="booleanValue" type="boolean">
<annotation>
<documentation>Boolean value of an operation parameter. A Boolean
value does not have an associated unit of measure. </documentation>
</annotation>
</element>
<J-- -—>

Reason(s)

Use xsd:boolean type.

Exceptions

None

Applies to

UML attributes: booleanValue

Rule 20

Convert each UML attribute with type "Date" to XML Schema declarations of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type xsd:date, and with <documentation>
element copying documentation of this UML attribute.

Example

UML attribute:  + realizationEpoch [0..1] : Date
XML Schema: Inside <sequence> or <choice> construct:
<element ref="gml:realizationEpoch" minOccurs="0"/>

Global element declaration:

<element name="realizationEpoch" type="date">
<annotation>
<documentation>The time for which this datum definition is valid. This
time may be precise (e.g. 1997.0 for IRTF97) or merely a year (e.g. 1983 for
NADS3). In the latter case, the epoch usually refers to the year in which a major
recalculation of the geodetic control network, underlying the datum, was executed or
initiated. </documentation>
</annotation>
</element>
<J-- -—>

Reason(s)

Use xsd:date type.

Exceptions

None

Applies to

UML attributes: realizationEpoch
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Rule 21

Convert each UML attribute with type "DateTime" to XML Schema declarations of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type xsd:dateTime, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute:  + origin : DateTime
XML Schema: Inside <sequence> or <choice> construct:
<element ref="gml:origin"/>

Global element declaration:

<element name="origin" type="dateTime">
<annotation>
<documentation>The date and time origin of this temporal datum.
</documentation>
</annotation>
</element>
<J-- >

Reason(s)

Use xsd:dateTime type.

Exceptions

None

Applies to

UML attributes: origin

Rule 22

Convert each UML attribute with type "Integer" to XML Schema declarations of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type xsd:positivelnteger, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute:  + modifiedCoordinate [1..*] : Integer
XML Schema: Inside <sequence> or <choice> construct:
<element ref="gml:modifiedCoordinate" maxOccurs="unbounded"/>

Global element declaration:

<element name="modifiedCoordinate" type="positivelnteger">
<annotation>
<documentation>Ordered sequence of positive integers defining the
positions in a coordinate tuple of the coordinates affected by this pass-through
operation. </documentation>
</annotation>
</element>
<!-- >

Reason(s)

Use xsd:positivelnteger type, since negative and zero integer values are not permitted
for these UML attributes.

Exceptions

For the minimumOccurs element, use type nonNegativelnteger (not positivelnteger)

Applies to

UML attributes: modifiedCoordinate, integerValue, minimumOccurs,
maximumOccurs
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Rule 23 Convert each UML attribute with type "Sequence<Measure>" to XML Schema
declarations of:
a) Reference to following element inside <choice> or <sequence> construct of
"...Type" complexType converted from class containing this attribute.
b) Global element with same name, using type gml:MeasureListType, and with
<documentation> element copying documentation of this UML attribute.
Example |UML attribute: + valueList : Sequence<Measure>
XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml:valueList"/>
Global element declaration:
<element name="valueList" type="gml:MeasureListType">
<annotation>
<documentation>Ordered sequence of two or more numeric values of
an operation parameter list, where each value has the same associated unit of
measure. An element of this type contains a space-separated list of double values.
</documentation>
</annotation>
</element>
<!-- >
Reason(s) | Use gml:MeasureListType type, from basicTypes.xsd.
Exceptions | None
Applies to | UML attributes: valueList
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Rule 24 Convert each UML attribute with type "Sequence<Integer>" to XML Schema
declarations of:
a) Reference to following element inside <choice> or <sequence> construct of
"...Type" complexType converted from class containing this attribute.
b) global element with same name, using type gml:integerList, and with
<documentation> element copying documentation of this UML attribute.
Example | UML attribute: + integerValueList : Sequence<Integer>
XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml:integerValueList"/>
Global element declaration:
<element name="integerValueList" type="gml:integerList">
<annotation>
<documentation>Ordered sequence of two or more integer values of an
operation parameter list, usually used for counts. These integer values do not have an
associated unit of measure. An element of this type contains a space-separated list of
integer values. </documentation>
</annotation>
</element>
<l-- >
Reason(s) | Use gml:integerList type, from basicTypes.xsd.
Exceptions | None
Applies to | UML attributes: integerValueList
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Rule 25 Convert each UML attribute with type "Measure" to XML Schema declarations of:

a) Reference to following two elements inside <choice> or <sequence> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type gml:MeasureType, and with
<documentation> element copying documentation of this UML attribute.

c) Global element with name " dmsAngleValue", using type gml:DMSAngleType,
and with <documentation> element modifying documentation of this UML
attribute.

Example |UML attribute: + value : Measure

XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml:value"/>
<element ref="gml:dmsAngleValue"/>

Global element declaration:
<element name="value" type="gml:MeasureType">

<annotation>
<documentation>Numeric value of an operation parameter, with its
associated unit of measure. </documentation>
</annotation>
</element>
<l-- >
<element name="dmsAngleValue" type="gml:DMSAngleType">
<annotation>
<documentation>Value of an angle operation parameter, in either
degree-minute-second format or single value format. </documentation>
</annotation>
</element>
<l-- >
Reason(s) | Use gml:MeasureType type (from basicTypes.xsd) and gml:DMSAngleType type
(from units.xsd). Allow (parameter) values to be encoded in Degrees-Minutes-
Seconds format.
Exceptions | None
Applies to | UML attributes: "value"
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Rule 26

Convert each UML attribute with type "Length" to XML Schema declarations of:

a) Reference to following element inside <choice> or <sequence> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type gml:LengthType, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute:  + semiMajorAxis : Length
XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml:semiMajorAxis"/>

Global element declaration:

—_n _n

<element name="semiMajorAxis" type="gml:LengthType">
<annotation>
<documentation>Length of the semi-major axis of the ellipsoid.
</documentation>
</annotation>
</element>
<J-- -—>

Reason(s)

Use gml:LengthType type, from measures.xsd.

Exceptions

None

Applies to

UML attributes: semiMajorAxis, semiMinorAxis

Rule 27

Convert each UML attribute with type "Angle" to XML Schema declarations of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type gml: AngleChoiceType, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute:  + greenwichLongitude : Angle =0
XML Schema: Inside <sequence> or <choice> construct:
<element ref="gml:greenwichLongitude"/>

Global element declaration:

—"

<element name="greenwichLongitude" type="gml:AngleChoiceType">
<annotation>
<documentation>Longitude of the prime meridian measured from the
Greenwich meridian, positive eastward. If the datum type is geodetic and the prime
meridian name is not supplied, then the prime meridian name is taken to be
"Greenwich" and the Greenwich longitude value is taken to be zero.
</documentation>
</annotation>
</element>
<l-- -

Reason(s)

Use gml:AngleChoiceType type, from measures.xsd.

Exceptions

None

Applies to

UML attributes: greenwichLongitude
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Rule 28 Convert each UML attribute with type "Scale" to XML Schema declarations of:
a) Reference to following element inside <choice> or <sequence> construct of
"...Type" complexType converted from class containing this attribute.
b) Global element with name validArea, using type gml:ScaleType, and with
<documentation> element copying documentation of this UML attribute.
Example | UML attribute: + inverseFlattening : Scale
XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml:inverseFlattening"/>
Global element declaration:
<element name="inverseFlattening" type="gml:ScaleType">
<annotation>
<documentation>Inverse flattening value of the ellipsoid.
</documentation>
</annotation>
</element>
<l-- >
Reason(s) | Use gml:ScaleType type, from measures.xsd.
Exceptions | None
Applies to | UML attributes: inverseFlattening
Rule 29 Convert each UML attribute with type "UnitOfMeasure" to XML Schema
declarations of:
a) Reference to following attribute following <sequence> construct of "... Type"
complexType converted from class containing this attribute.
b) Global attribute with "uom" name, using type xsd:anyURI, and with
<documentation> element copying documentation of this UML attribute.
Example |UML attribute: + axisUnitID : UnitOfMeasure
XML Schema: following <sequence> construct:
<attribute ref="gml:uom" use="required"/>
Global element declaration:
<attribute name="uom" type="anyURI">
<annotation>
<documentation>Identifier of the unit of measure used for this
coordinate system axis. </documentation>
</annotation>
</attribute>
<!-- >
Reason(s) | Use uom attribute pattern, in global attribute for Application Schemas flexibility.
Exceptions | None
Applies to | UML attributes: axisUnitID
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Rule 30 Convert each UML attribute with type of a <<CodeList>> stereotyped UML class to
XML Schema declaration of reference to element converted from <<CodeList>>
class, inside <sequence> or <choice> construct of "...Type" complexType converted
from class containing this attribute.

Example |UML attribute: + pixelinCell : RS _PixelinCell
XML Schema,: Inside <sequence> or <choice> construct:

<element ref="gml:pixelInCell"/>

Reason(s) | Use relevant declared global elements.

Exceptions | None

Applies to | UML attributes: derivedCRSType, pixelinCell, verticalDatumType

Rule 31 Don't convert any UML attributes in each <<CodeList>> stereotyped UML class to
any XML Schema declaration.

Example | UML attribute: + cell center
XML Schema: (none)

Reason(s) | Allow separate specification of allowed valued of <<CodeList>> stereotyped UML
classes.

Exceptions | None

Applies to | UML classes: SC_DerivedCRSType, CD_PixelinCell, CD_VerticalDatumType
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Rule 32

Convert each UML attribute with type "RS_Identifier" to XML Schema declarations
of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type gml:IdentifierType, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute:  + srsID [0..*] : RS Identifier
XML Schema: Inside <sequence> construct:
<element ref="gml:srsID" minOccurs="0" maxOccurs="unbounded"/>

Global element declaration:

<element name="srsID" type="gml:IdentifierType">
<annotation>
<documentation>An identification of this reference system. The first
stsID, if any, is normally the primary identification code, and any others are aliases.
</documentation>
</annotation>
</element>
<!-- >

Reason(s)

Use gml:IdentifierType type, in referenceSystems.xsd.

Exceptions

None

Applies to

UML attributes: srsID, datumID, meridianID, spheroidID, csID, axisID,
coordinateOperationID, methodID, parameterID

Rule 33

Convert each UML attribute with type "DQ_Positional Accuracy" to XML Schema
reference to global element with same name and <documentation> element copying
documentation of this UML attribute.

Example

UML attribute:  + positionalAccuracy [0..1] : DQ_Positional Accuracy

XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml: positionalAccuracy" minOccurs="0">
<annotation>
<documentation>Estimate of the impact of this
coordinate operation on point position accuracy. Gives position error estimates for
target coordinates of this coordinate operation, assuming no errors in source
coordinates. </documentation>
</annotation>
</element>

Reason(s)

Use " positional Accuracy" global element, from dataQuality.xsd.

Exceptions

None

Applies to

UML attributes: positional Accuracy
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Rule 34

Convert each UML attribute with type EX Extent to XML Schema declarations of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with name validArea, using type ExtentType, and with
<documentation> element generalising documentation of these UML attributes,
in referenceSystems.xsd only.

Example

UML attribute: + validArea [0..1] : EX Extent
XML Schema: Inside <sequence> or <choice> construct:
<element ref="gml:scope" minOccurs="0"/>

Global element declaration, in referenceSystems.xsd only:
<element name="validArea" type="gml:ExtentType">
<annotation>
<documentation>Area or region in which this CRS object is valid.
</documentation>
</annotation>
</element>
<J-- >

Reason(s)

Declare validArea element in only one place, use ExtentType type.

Exceptions

None

Applies to

UML classes: RS ReferenceSystem, CD_Datum, CC_CoordinateOperation

Rule 35

Do not convert UML attribute with type CI_Citation to XML Schema.

Example

UML attribute:  + authority [0..1] : CI_Citation
XML Schema: (none)

Reason(s)

Whenever useful, citation information can be included in a metaDataProperty
element in any XML elements that uses gml:Identifier XML element.

Exceptions

None

Applies to

UML attributes: "authority"
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Rule 36

Convert each UML attribute with type "CharacterString" and attribute name not
ending in "Name" to XML Schema declarations of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type xsd:string, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute:  + version [0..1] : CharacterString

XML Schema: Inside <sequence> or <choice> construct:

<element ref="gml:version" minOccurs="0"/>
Global element declaration:

<element name="version" type="string">
<annotation>
<documentation>Identifier of the version of the associated codeSpace or

code, as specified by the codeSpace or code authority. This version is included only
when the "code" or "codeSpace" uses versions. When appropriate, the version is
identified by the effective date, coded using ISO 8601 date format. </documentation>

</annotation>

</element>
<!-- >

Reason(s)

Use xsd:string type, in global element for flexibility.

Exceptions

UML attributes codeSpace, "scope", valueFile, anchorPoint, axisAbbrev,
axisDirection, "formula", measureDescription, and "remarks", as specified in
following six specialized rules.

Applies to

UML attributes: "code", "version", isSphere, coordinateOperationVersion,
stringValue
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Rule 37 Convert each UML attribute with type "CharacterString" and attribute name of

"scope" to XML Schema declarations of:

a) Reference to following element inside <sequence> or <choice> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using xsd:string type, and with
<documentation> element generalising documentation of these UML attributes,
in referenceSystems.xsd only.

Example | UML attribute: + scope [0..1] : CharacterString

XML Schema: Inside <sequence> or <choice> construct:
<element ref="gml:scope" minOccurs="0"/>

Global element declaration, in referenceSystems.xsd only:

<element name="scope" type="string">
<annotation>
<documentation>Description of domain of usage, or limitations of usage,
for which this CRS object is valid. </documentation>
</annotation>
</element>
<!-- >
Reason(s) | Declare "scope" global element in only one place, use xsd:string type.
Exceptions | None
Applies to | UML classes: RS ReferenceSystem, CD_Datum, CC_CoordinateOperation
Rule 38 Convert each UML attribute with type "CharacterString" and attribute name of

"valueFile" to XML Schema declarations of:

a) Reference to following element inside <choice> or <sequence> construct of
"...Type" complexType converted from class containing this attribute.

b) Global element with same name, using type xsd:anyURI, and with
<documentation> element copying documentation of this UML attribute.

Example | UML attribute: + valueFile : CharacterString

XML Schema: Inside <choice> or <sequence> construct:
<element ref="gml:valueFile"/>

Global element declaration:
<element name="valueFile" type="anyURI">

<annotation>
<documentation>Reference to a file containing multiple parameter
values, each numeric value with its associated unit of measure. </documentation>
</annotation>
</element>
<!-- >
Reason(s) | Use xsd:anyURI type to reference a file, following XML Schema and GML patterns.
Exceptions | None
Applies to | UML attributes: valueFile
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Rule 39 Convert each UML attribute with type "CharacterString" and attribute name of
"formula" to XML Schema declarations of:
a) Reference to following element inside <sequence> construct of "... Type"
complexType converted from class containing this attribute.
b) Global element with name "methodFormula", using type gml:CodeType, and
with <documentation> element copying documentation of this UML attribute.
Example |UML attribute: + formula : CharacterString
XML Schema: Inside <sequence> construct:
<element ref="gml:methodFormula"/>
Global element declaration:
<element name="methodFormula" type="gml:CodeType">
<annotation>
<documentation>Formula(s) used by this operation method. The value
may be a reference to a publication. Note that the operation method may not be
analytic, in which case this element references or contains the procedure, not an
analytic formula.</documentation>
</annotation>
</element>
<!-- >
Reason(s) | Use gml:CodeType type to allow referencing another document, following GML
pattern. Change name "formula" to methodFormula to avoid conflict with "formula"
element in units.xsd.
Exceptions | None
Applies to | UML attributes: formula
210 © OGC 2003 — All rights reserved




OGC 03-010r9

Rule 40

Convert each UML attribute with type "CharacterString" and attribute name of
nn nn

"codeSpace", "anchorPoint", "axisAbbrev", "axisDirection", or
"measureDescription" to XML Schema declarations of:

a) Reference to following element inside <sequence> construct of "... Type"
complexType converted from class containing this attribute.

b) Global element with same name, using type gml:CodeType, and with
<documentation> element copying documentation of this UML attribute.

Example

UML attribute:  + axisDirection : CharacterString
XML Schema: Inside <sequence> construct:
<element ref="gml:axisDirection"/>

Global element declaration:

—n —n

<element name="axisDirection" type=
<annotation>
<documentation>Direction of this coordinate system axis (or in the case
of Cartesian projected coordinates, the direction of this coordinate system axis at the
origin). Examples: north or south, east or west, up or down. Within any set of
coordinate system axis, only one of each pair of terms can be used.
</documentation>
</annotation>
</element>
<!-- >

gml:CodeType">

Reason(s)

Use gml:CodeType global type to allow referencing another document, following
GML pattern.

Exceptions

None

Applies to

UML attributes: codeSpace, anchorPoint, axisAbbrev, axisDirection,
measureDescription
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Rule 41

Convert UML attributes named "code" and “codeSpace”, both of type
"CharacterString" and in RS _Identifier class, to XML Schema reference to gml:name
element inside <sequence> construct of "IdentifierType" complexType converted
from RS_Identifier class. Include <documentation> element adapted from the
documentation of these two UML attributes.

Example

UML attributes: + code : CharacterString
+ codeSapce [0..1] : CharacterString

XML Schema: Inside <sequence> construct:

<element ref="gml:name">
<annotation>
<documentation>The code or name for this Identifier, often from a

controlled list or pattern defined by a code space. The optional codeSpace attribute is
normally included to identify or reference a code space within which one or more
codes are defined. This code space is often defined by some authority organization,
where one organization may define multiple code spaces. The range and format of
each Code Space identifier is defined by that code space authority. Information about
that code space authority can be included as metaDataProperty elements which are
optionally allowed in all CRS objects. </documentation>

</annotation>

</element>
<l-- >

Reason(s)

Use gml:name element that has meaning the same as this pair of UML attributes.

Exceptions

None

Applies to

UML attributes: code, codeSapce (only in RS Identifier)
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Rule 42

Convert UML attribute named "remarks", with type "CharacterString", and in
RS Identifier class, to XML Schema declarations of:

a) Reference to following element inside <sequence> construct of "ldentifierType'
complexType converted from RS Identifier class.

1

b) Global element with same name, using type gml: StringOrRefType, in
"gml:description” substitutionGroup, and with <documentation> element
copying documentation of this UML attribute.

Example

UML attribute:  + remarks [0..1] : CharacterString

XML Schema: Inside <sequence> construct:

<element ref="gml:remarks" minOccurs="0">
Global element declaration:

<element name="remarks" type="gml:StringOrRefType"

substitutionGroup="gml:description">

<annotation>

<documentation>Information about this object or code. Contains text or

refers to external text. </documentation>

</annotation>

</element>
<!-- >

Reason(s)

Define global element for Application Schemas flexibility. Use global type
gml:StringOrRefType to allow substitution for gml:description, when referenced as
described in the following rule.

Exceptions

None

Applies to

UML attributes: remarks (only in RS _Identifier)
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Rule 43 Convert each UML attribute named "remarks", with type "CharacterString", and not
in RS_Identifier class, to XML Schema declarations of reference to "gml:remarks"
element defined in preceding rule, and copying documentation of this UML attribute.
Put this reference to "gml:remarks" in the "AbstractXxxxBaseType" complexType
converted from this class, immediately after the "gml:metaDataProperty"
element.

Example |UML attribute: + remarks [0..1] : CharacterString (in RS ReferenceSystem)
XML Schema: Inside <sequence> construct of
"AbstractReferenceSystemBaseType":

<element ref="gml:metaDataProperty" minOccurs="0"
maxOccurs="unbounded"/>
<element ref="gml:remarks" minOccurs="0">
<annotation>
<documentation>Comments on or information about this
reference system, including source information. </documentation>
</annotation>
</element>

Reason(s) | Adapt gml:description global type, optional in all GML objects, to contain these
general remarks on CRS objects.

Exceptions | None

Applies to | UML attributes: remarks (except in RS _Identifier)
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Rule 44 Convert each UML attribute with type "CharacterString" and attribute name ending
in "Name" to XML Schema declarations of:
a) Reference to following element inside <sequence> construct of "...BaseType"
complexType converted from class containing this attribute.
b) Global element with same name, using SimpleNameType, in substitutionGroup
"gml:name", and with <documentation> element copying documentation of this
UML attribute.
Example | UML attribute: + srsName : CharacterString
XML Schema: Inside <sequence> construct:
<element ref="gml:srsName"/>
Global element declaration:
<element name="srsName" type="gml:SimpleNameType"
substitutionGroup="gml:name">
<annotation>
<documentation>The name by which this reference system is identified.
</documentation>
</annotation>
</element>
Reason(s) | Allow restricting gml:DefintionType by complexTypes using "...Name" elements.
Exceptions | None
Applies to | UML attributes: srsName, datumName, ellipsoiidName, meridianName, csName,
axisName, coordinateOperationName, methodName, parameterName
Rule 45 Insert global declaration of SimpleNameType that restricts gml:CodeType to
prohibit inclusion of codeSpace attribute.
Example | XML Schema:
<complexType name="SimpleNameType">
<annotation>
<documentation>The primary name of a reference system object. The
string in the CodeType contains the object identification name, and the
codeSpace attribute is not included. </documentation>
</annotation>
<simpleContent>
<restriction base="gml:CodeType">
<attribute name="codeSpace" type="anyURI" use="prohibited"/>
</restriction>
</simpleContent>
</complexType>
<]-- -
Reason(s) | Declare SimpleNameType global type derived from gml:CodeType, to support
preceding rule. Provide <documentation> to support human understanding
Exceptions | None

© OGC 2003 — All rights reserved 215




OGC 03-010r9

G.5 Rules for associations

Most rules used to convert UML model (class) associations to XML Schemas are
separately applied to each navigable end of each association. The rules used were:

Rule 46 Do not XML encode the non-navigable ends of UML associations (usually without
role names)

Example |None

Reason(s) | There is no need to navigate association in this direction.

Exceptions | None

Applies to | UML association role names: None

Rule 47 Do not XML encode the ends of UML "derived" associations.

Example | UML role name: +usesDatum from SC CoordinateReferenceSystem class
XML Schema: (None)

Reason(s) | There is no need to navigate derived associations (instead of the basic associations).

Exceptions | None

Applies to | UML association role names:

The following rules for encoding associations apply to only the navigable end (always
has a role name) of non-derived UML associations:

NOTE Most of these rules copy the documentation of each UML association role into a
<documentation> element of the XML element converted from this UML role, in order to keep the UML
association role documentation for human understanding of the XML Schemas.
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Rule 48 Convert each navigable end of each composition UML association to XML Schema
declarations of:

a) Reference to following element inside <sequence> construct of the complexType
converted from the class at the other end of this association.

b) Global element with same name, using the complexType encoded for the class at
this end of the association, and with <documentation> element copying
documentation of this UML role name.

Example | UML role name: +usesValue from CC_Operation class
XML Schema: Inside <sequence> construct:
<element ref="gml:usesValue" minOccurs="0" maxOccurs="unbounded"/>
Global element declaration:
<element name="usesValue" type="gml:ParameterValueType">
<annotation>
<documentation>Unordered list of composition associations to the set of
parameter values used by this conversion operation. </documentation>
</annotation>
</element>
<l-- >
Reason(s) | Follow GML pattern for properties. Define global element for flexibility.
Exceptions | None
Applies to | UML association role names: +usesValue from CC_Operation, +includesValue from

CC_ParameterValueGroup, +includesElement from DQ_CovarianceMatrix
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Rule 49

Convert each navigable end of each aggregation of unspecified type of UML
association to XML Schema declarations of:

a) Reference to following element inside <sequence> construct of the complexType
converted from the class at the other end of this association.

b) Global element with same name, using the "xxxxRefType" encoded for the class
at this end of this association, and with <documentation> element copying
documentation of this UML role name.

Example

UML role name: +usesEllipsoid from CD_GeodeticDatum class

XML Schema: Inside <sequence> construct:

<element ref="gml:usesEllipsoid"/>
Global element declaration:

<element name="usesEllipsoid" type="gml:EllipsoidRefType">
<annotation>
<documentation>Association to the ellipsoid used by this geodetic datum.

</documentation>

</annotation>

</element>
<I-- >

Reason(s)

Use "xxxxRefType" following GML pattern for general associations. Define global
element for flexibility.

Exceptions

a) Ifnew global element declaration would be a duplicate, do not duplicate it.
b) If association has attached {XOR} note, see following rule.

c) For all +usesDatum role names to concrete classes for specific types of datums,
change XML element name from "usesDatum' to the class name on this end of
the association prefixed by "uses".

d) For all +usesCS role names to concrete classes for specific types of coordinate
systems, change XML element name from "usesCS' to the class name on this end
of the association prefixed by "uses".

e) For +usesOperation from CC_ConcatenatedOperation, change XML element
name from "usesOperation" to " usesSingleOperation".

Applies to

UML association role names: +includesCRS from SC_CompoundCRS, +baseCRS
from SC_GeneralDerivedCRS, +usesDatum from SC_GeocentricCRS, +usesDatum
from SC_GeographicCRS, +usesDatum from SC_Vertical CRS, +usesDatum from
SC_TemporalCRS, +usesDatum from SC_EngineeringCRS, +usesDatum from

SC ImageCRS, +usesCS from SC_EngineeringCRS, +usesCS from
SC_GeographicCRS, +usesCS from SC_Vertical CRS, +usesCS from
SC_TemporalCRS, +usesCS from SC_ProjectedCRS, SC_DerivedCRS, +usesCS
from +usesEllipsoid from CD_GeodeticDatum, +usesPrimeMeridian from
CD_GeodeticDatum, +usesAxis from CS_CoordinateSystem, +sourceCRS from
CC_CoordinateOperation, , +targetCRS from CC_CoordinateOperation,
+usesOperation from CC_ConcatenatedOperation, +usesOperation from
CC_PassThroughOperation, +definedByConversion from
SC_GeneralDerivedCRS, +usesMethod from CC_Operation, +usesParameter
from CC_OperationMethod, +includesParameter from
CC_OperationParameterGroup, +valueOfParameter from CC_ParameterValue,
+valuesOfGroup from CC_ParameterValueGroup
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Rule 50

Convert each navigable end of an aggregation UML association with attached
{XOR} note to XML Schema declarations of a reference to the appropriate element.
Put this element inside a <choice> construct and without minOccurs="0", inside the
<sequence> construct of the complexType converted from the class at the other end
of this association.

Example

UML role name: +usesSphericalCS from SC_GeocentricCRS class
and +usesCartesianCS from SC_GeocentricCRS class

XML Schema: Inside <sequence> construct:
<choice>
<element ref="gml:usesCartesianCS"/>
<element ref="gml:usesSpherical CS"/>
</choice>

Reason(s)

Take advantage of <choice> construct in XML Schema.

Exceptions

If new global element declaration would be a duplicate, do not duplicate it.

Applies to

UML association role names: +usesSphericalCS from SC_GeocentricCRS,
+usesCartesianCS from SC_GeocentricCRS, +usesCartesianCS from SC_ImageCRS,
+usesObliqueCartesianCS from SC_ImageCRS

G.6 Rules for multiplicities

The rules used to convert UML model multiplicities to XML Schemas were:

Rule 51 Convert each UML multiplicity "0..*", on UML attributes and navigable association
role names, to XML Schema declaration of minOccurs="0"
maxOccurs="unbounded".

Example | UML model multiplicity: 0.*

XML Schema element multiplicity: minOccurs="0" maxOccurs="unbounded"

Reason(s) | Use relevant XML Schema multiplicity constructs.

Exceptions | None

Rule 52 Convert each UML multiplicity "1..*", on UML attributes and navigable association
roles, to XML Schema declaration of maxOccurs="unbounded".

Example | UML model multiplicity: 1..*

XML Schema element multiplicity: maxOccurs="unbounded"

Reason(s) | Use relevant XML Schema multiplicity construct.

Exceptions | None
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Rule 53 Convert each UML multiplicity "2..*", on navigable association roles, to XML
Schema declaration of minOccurs="2" maxOccurs="unbounded".

Example | UML model multiplicity: 2.%
XML Schema element multiplicity: minOccurs="2" maxOccurs="unbounded"

Reason(s) | Use relevant XML Schema multiplicity constructs.

Exceptions | None

Rule 54 Convert each UML multiplicity "0..1", on UML attributes and navigable association
roles, to XML Schema declaration of minOccurs="0".

Example | UML model multiplicity: 0..1
XML Schema element multiplicity: minOccurs="0"

Reason(s) | Use relevant XML Schema multiplicity construct.

Exceptions | None

Rule 55 Don't convert each UML multiplicity "1", on navigable association roles, to any
XML Schema declaration.

Example | UML association role multiplicity: 1
XML Schema element multiplicity: (none)

Reason(s) | Use relevant XML Schema multiplicity construct.

Exceptions | None

Rule 56 Don't convert each unspecified UML multiplicity, on UML attributes, to any XML
Schema declaration.

Example | UML association role multiplicity: (none)
XML Schema element multiplicity: (none)

Reason(s) | Use XML Schema multiplicity constructs.

Exceptions | None

G.7 Other rules

Other rules used to convert the UML model to XML Schemas were:
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Rule 57 Remove each XML <sequence> construct in a complexType that contains no
elements (that encode a UML attribute or association).
Example | Before:
<extension base="gml:AbstractReferenceSystemType">
<sequence>
</sequence>
</extension>
After:
<extension base="gml:AbstractReferenceSystemType"/>
Reason(s) | Simplify XML Schemas.
Exceptions | None
Rule 58 In each XML Schema document, order element and corresponding type declarations
for ease of top-down understanding.
Example |N/A
Reason(s) |Make XML Schema documents easier to understand.
Exceptions | None
Applies to | All six CRS Schema documents.
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Annex H
(informative)

Coordinate operation methods

H.1 Introduction

This annex contains a non-exhaustive description of some conversion and transformation
operation methods. It lists a number of methods defined in the EPSG v 6.3 well-known
data set, plus a few other often used methods and some methods applicable to the
transformation of image coordinates.

Each operation method should uniquely specify the algorithm to be used for a coordinate
transformation. This specification may comprise two algorithms, forward and inverse, as
is sometimes used for map projection algorithms. Each conversion and transformation,
and each operation method, should use a well-known data set in referencing such
algorithms.

NOTE Of course, referencing a well-known algorithm does not imply that software which implements
these algorithms has correctly implemented it, or has implemented all referenced algorithms. Similarly,
referencing a well-known set of parameter values does not imply that software which implements these
values uses the correct values.

H.2 EPSG defined operation methods

The well-known data set from EPSG (version 6.3) specifies a number of operation
methods. Please note that the EPSG data set is neither prescriptive, nor exhaustive. This
document mentions a small subset of the methods in the EPSG data set. Methods not
listed in this document, but listed in the EPSG data set, can easily be implemented using
the OperationMethod and OperationParameter elements, making use of the method name
and parameter names specified in the EPSG data set.

These operation methods are defined making use of well-defined operation parameters.
When a coordinate operation is specified referencing an EPSG defined operation method,
the detailed specification in an XML document should adhere to the EPSG definitions of
the operation parameters.

The detailed definition of these operation method algorithms, with their formulas and a
worked example is included in the EPSG data set, available on the Web, through the
reflector: http://www.epsg.org/

These and other information on coordinate operation methods is available on:
http://www.remotesensing.org/geotift/proj list/

See also:
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http://www.posc.org/Epicentre.2_2/DataModel/ExamplesofUsage/eu_cs.html.

H.3. Other operation methods

H.3.1 Introduction

The following operation methods are not specified in any well-known data set but are
implied in the specification of Coordinate Systems and Coordinate Reference Systems.
a) Polar / Cartesian (2D) conversion

b) Spherical / Cartesian (3D) conversion

c) Cylindrical / Cartesian conversion

d) Linear to Cartesian (2D) conversion

e) Linear to Cartesian (3D) conversion

f) Geographic3D to Geographic2D/GravityRelatedHeight conversion

H.3.2 Polar / Cartesian (2D) conversion

This method converts two-dimensional polar coordinates to plane Cartesian coordinates
and vice versa (the inverse algorithm is implied in this transformation method).

H.3.3 Spherical / Cartesian (3D) conversion

This method converts spherical coordinates (sometimes referred to as polar 3D
coordinates) to 3D Cartesian coordinates and vice versa (the inverse algorithm is again
implied in this transformation method). Please bear in mind that when the spherical
coordinate system is used in a local context (i.e., in an EngineeringCRS); the converted
Cartesian coordinate system can only be used in the same context: there is no datum
change involved. Transformation to a Geocentric Cartesian system is possible only when
the spherical coordinate system is also geocentric.

H.3.4 Cylindrical / Cartesian conversion

This method converts (3D) cylindrical coordinates to 3D Cartesian coordinates and vice
versa. The area of use of the cylindrical coordinate system is unlikely to be other than
local. The Cartesian coordinate system will therefore also be associated with an
EngineeringCRS. A further (or indeed a one-step) transformation to a Geocentric system
will be incorrect, although it may seem mathematically correct.
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H.4 Image coordinate transformation methods

H.4.1 Introduction

This subclause discusses the following non-exhaustive list of coordinate transformation
types applicable to image coordinate reference systems:

a) Ground-to-image transformations

b) Single-image-to-ground transformations

c) Elevation coverage with single-image-to-ground transformations
d) Elevation coverage for 2D to 3D coordinate transformations

e) Elevation coverage with single ground-to-image transformations

H.4.2 Ground-to-image transformations

This set of operation methods defines transformations used for ground-to-image
coordinate transformations, with one method used for each image geometry model type.
The input to such a transformation is usually 3D ground coordinates, and the output is
usually 2D image coordinates. These methods will usually use parameters for directly
transforming 3D ground coordinates to 2D image coordinates.

H.4.3 Single-image-to-ground transformations

This set of operation methods defines transformations used for single (or monoscopic)
image-to-ground transformations, with one operation method used for each image
geometry model type. These methods could use parameters for directly transforming 2D
image coordinates to multiple 3D ground coordinates. However, these parameterized
transformations could use parameters for directly transforming 3D ground coordinates to
2D image coordinates (like ground-to-image transformations).

The output from such a transformation is usually 3D ground coordinates, and the input
can be compound 2D image plus 3D ground coordinates. In that case, the 3D ground
coordinates are used to provide a fixed elevation value, to be used with the 2D image
input coordinates. The horizontal position is included with each elevation to facilitate
ground coordinate transformations. Inclusion of the horizontal position also allows the
client to provide an approximate horizontal ground position, when known. Server
software implementing such transformations is allowed to make use of this approximate
horizontal position, to speed computation.

H.4.4 Elevation coverage with single-image-to-ground transformation

This operation method defines a transformation using an elevation coverage with a
single-image-to-ground transformation. One operation method can be used for any
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elevation coverage that uses the same OGC specified (grid) coverage interface. A
transformation parameter should reference one elevation coverage from one external
elevation coverage service. This assumes that interface implementations will first use a
separate single-image-to-ground transformation to compute two or more points along the
image ray. The implementation will then intersect this ray with ground shape defined by
elevation coverage.

The output from this transformation is usually 3D ground coordinates, and the input can
be compound 2D image plus 3D ground coordinates (plus the separately specified
elevation coverage). In that case, the input 3D ground coordinates are used to provide an
approximate elevation value, to be used with the 2D image input coordinates. The
horizontal position is included with each elevation to facilitate ground coordinate
transformations. Inclusion of the horizontal position also allows the client to provide an
approximate horizontal ground position, when known. Server software implementing
such transformations is allowed to make use of this approximate horizontal position, to
speed computation.

H.4.5 Elevation coverage for 2D to 3D coordinate transformation

This operation method defines a transformation using an elevation coverage for 2D to 3D
coordinate transformations. One operation method can be used for any elevation coverage
that uses the same OGC specified (grid) coverage interface. A transformation parameter
should reference one elevation coverage from one external elevation coverage service.
The input to this transformation is 2D horizontal coordinates (plus the separately
specified elevation coverage), and the output is 3D coordinates. This transformation can
be used in a Concatenated Transformation with a ground-to-image transformation, to go
from 2D ground coordinates to 2D image coordinates.

H.4.6 Elevation coverage with single ground-to-image transformation

This operation method defines a transformation using an elevation coverage with a single
ground-to-image transformation. One operation method can be used for any elevation
coverage that uses the same OGC specified (grid) coverage interface. A transformation
parameter should reference one elevation coverage from one external elevation coverage
service. The input to this transformation is 2D horizontal ground coordinates (plus the
separately specified elevation coverage), and the output is usually 2D image coordinates.
An implementation of this parameterized transformation is expected to first use the
elevation coverage to obtain the third ground coordinate, and then use a separate
implementation of a ground-to-image transformation.
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Annex I
(informative)

Schema flexibility

I.1 Introduction

This annex summarizes the flexibility supported by the CRS set of XML Schemas
specified in Annex C. Much of this flexibility applies to the Application Schemas that
can and should be developed using these CRS Schemas. However, considerable
flexibility is supported without using an Application Schema, just using a selected XML
element as the basis for an XML document.

NOTE 1  Specification flexibility will reduce interoperability whenever different implementations
support different subsets of the allowed flexibility. To maximise interoperability, each Implementation
Specification using this specification should specify the subset required to be implemented (especially by a
server), for each flexibility area allowed by this specification. Some of this subset specification can be done
in the Application Schema(s) specified by that Implementation Specification.

NOTE 2 Many of the concrete XML elements defined in these CRS Schemas can be used without
Application Schemas, when no contents extensions or restrictions are needed. However, the Conversion,
Transformation, ParameterValue, and ParameterValueGroup elements should not be used for well-known
coordinate operation methods having many instances. Instead, an Application Schema that defines
operation-method-specialized element names and contents should be prepared and standardized, see
Subclause 6.3.

1.2 Application Schema flexibility

The CRS Schemas specified in Annex C support considerable flexibility in an
Application Schema. That flexibility includes:

a) Defining elements that can be attached as metadata to each (of about 30) concrete
elements with identity (or GML objects).

b) Extending most complexTypes by adding elements selected and/or defined to record
additional data about the elements using that complexType.

c) Restricting most complexTypes to reduce the allowed multiplicity of an included
element, or restrict an included element to a selected element defined in the
substitutionGroup of the currently included element.

d) Extending some abstract complexTypes by adding elements deliberately not included
in the abstract type, to facilitate definition of differently named and/or structured
elements in Application Schemas. Those complexTypes include:

1) AbstractGeneralConversionType
2) AbstractGeneral TransformationType
3) AbstractGeneralParameterValueType
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NOTE 1  Such use of Application Schemas is discussed in Subclause 6.3, and example Application
Schemas extending two of these three complexTypes is provided in Subclauses F.3 and F.4.

e) Using or extending some abstract complexTypes and elements to define additional
concrete subtypes. Those elements and complexTypes include:
1) _CoordinateReferenceSystem, with AbstractCoordinateReferenceSystemType
2) GeneralDerivedCRS, with AbstractGeneralDerivedCRSType
3) _CRS, with AbstractCRSType
4) Datum, with AbstractDatumType
5) _CoordinateSystem, with AbstractCooordinateSystemType

NOTE 2  These abstract complexTypes shall not be used or extended (in an Application Schema) to
define a concrete subtype with a meaning equivalent to a concrete subtype specified in this document. If
needed, these abstract complexTypes can be extended in an Application Schema to add more contents. Also
if needed, these abstract complexTypes may be used or extended (in an Application Schema) to define an
additional concrete subtype with a different meaning.

EDITORS NOTE These CRS schemas currently allow such uses and extensions because XML Schemas
cannot preclude such uses. If appropriate, constraints could be added to the <documentation> elements for
these complexTypes to prohibit undesirable additional concrete subtypes.

1.3 Other flexibility

In addition to flexibility provided by preparing an Application Schema, the CRS Schemas
specified in Annex C support considerable flexibility without using an Application
Schema. That flexibility includes:

a) Units of measure (uom) used for each:
1) "value" element in ParameterValueType, even for a single parameter

2) '"uom" attribute in CoordinateSystemAxisType

3) result" element in AbsoluteExternalPositionalAccuracyType and
RelativelnternalPositional AccuracyType

b) Subtypes of AbstractPositional AccuracyType used in
AbstractCoordinateOperationType and all three of its' concrete subtypes.

c) A Dictionary element can contain any combination of the concrete XML elements
listed in Subclause 6.2, since all are substitutable for a Definition element in a
Dictionary. A Dictionary element can also contain one or more UnitDefinition
elements, as defined in units.xsd of GML 3. Furthermore, any of these concrete
elements or a Dictionary can be included inside a GenericMetaData element inside a
metaDataProperty element, which can be inside of many other XML elements.
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d) Defining new and different sets of standardized values to be used as the contents of
many elements with the gml:CodeType and xsd:string data types. Those elements
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include:

1) derivedCRSType, in DerivedCRSType

2) pixellnCell, in ImageDatumType

3) verticalDatumType, in VerticalDatumType

4) axisDirection, in CoordinateSystemAxisType

5) axisAbbrev, in CoordinateSystemAxisType

6) "scope", in AbstractReferenceSystemType, AbstractDatumType,
AbstractCoordinateOperationType, and all of their subtypes

7) anchorPoint, in each of four subtypes of AbstractDatumType

8) measureDescription, in each of three subtypes of
AbstractPositional AccuracyType
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