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revised-OGC document 01-014. Note that OGC document 01-014 is still changing.
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Preface

This deeument-is-sdbmitted-to-the OGC-as-a-discussion paper specifies a “high-level”
interface that is an aternative to the current “low-level” Coordinate Transformation
Services (CT) Implementation Specification, OGC document 01-009. ehangepropesa-to

AL-1 O e
1 Cli O wivinw Ci o

e

i ifi high-level interface te-Coerdinate Fransfermation
Services-whieh-supports amost the same server functions as the current low-level
interface. This high-level interface is estimated to make client software significantly
easier to program, compared to the current low-level interface. This high-level interface
isindependent of the current low-level interface, except that almost the same XML data
formats should be used by both interface levels.

Thisrevision of this document is a discussion paper because this draft Implementation
Specification could be used in several ways. Those possible uses include use in the OGC
Interoperability Program, inclusion in a possible OGC Request For Comment (RFC), or
use as a change proposal to the current “low-level” Coordinate Transformation Services
(CT) Implementation Specification, now specified in OGC document 01-009.

This document does not now include two-letter prefixesto UML, XML, and CORBA
names, partialy because it is not clear what prefixes to use. Obvioudly, two-letter
prefixes can be added to selected UML, XML, and CORBA names if considered
desirable, after selecting specific prefixes to be used.

Author
Name: Arliss Whiteside
Address: BAE SYSTEMS Mission Solutions
16250 Technology Drive
San Diego, CA 92127
Phone: 858-592-1608
Email: Arliss.Whiteside@baesystems.com
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Foreword

Many of the geospatial concepts used in this specification are from Topic volume 2 of the
Open GIS Consortium (OGC) Abstract Specification (OGC document 01-102).

NOTE This specification assumes that OGC Abstract Specification topic 2 (OGC document 99-102r1)
is expanded to include the accepted additions in OGC document 00-026 and accepted editing in OGC
document 00-046r1.

Selected portions of this document are-alsacould be provided in separate files for ease of
use. The possible subjects, sources, and names of these files areinclude:

a) CORBA profile IDL (extracted from Annex D), provided in file named
GroundCoordinateT ransformation.idl

€}b) XML DTDs (extracted from Annex F), provided in files named TBD

éyc) XML descriptions of parameters for all parameterized transformations (extracted
from Annex G), provided in files named TBD

This document contains 9 annexes. Annexes A through F are normative, and annexes G
through | are informative.

Attention is drawn to the possibility that some 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 2001 — All rights reserved ViI
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I ntroduction

This specification defines standard software interfaces to ground coordinate
transformation services. The primary function of these servicesisto transform the
position coordinates of points between different ground (or earth referenced) spatial
coordinate reference systems.

These standard software interfaces are intended for implementation by service software
that performs coordinate transformations for client software. The OGC expects that
multiple vendors will implement these standard interfaces in Commercial Off The Shelf
(COTYS) software packages. This specification defines a general ground coordinate
transformation service interface plus TBD profiles of that interface. These interface
profiles are for use by service software that communicates with client software using
different distributed computing platforms (or environments). Profiles are specified herein
for use in the CORBA, DCOM, and TBD distributed computing platforms.

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 should be described by a set of coordinates based
on a specified coordinate reference system. Coordinates are often used in datasetsin
which all coordinates belong to the same coordinate reference system.

The same point position will usually have different coordinates in different coordinate
reference systems. There are alarge number of different coordinate reference systemsin
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. Such coordinate transformations
are the primary function of these ground coordinate transformation services.

Most of the geospatial concepts used in this interface specification are from the current
OGC abstract model of Spatial Reference Systems (Topic 2, document 01-102). The
OGC Spatial Reference Systems concepts are largely consistent with ISO/TC 211 DIS
19111(N-934}, dthough different terms are sometimes used for the same concepts.

Vi © OGC 2001 — All rights reserved
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OpenGI S° I nterface — Coordinate Transfor mation Services
— High Level Interface

1 Scope

This (draft) OpenGIS® Implementation Specification defines standard software interfaces |
to coordinate transformation services. These services transform point positions from one
coordinate reference system to another, usually both ground (or earth-referenced)
coordinate systems. Image to image coordinate transformation can also be handled,
between different versions of the same original image. Concatenated coordinate
transformations are supported, that sequentially apply two or more coordinate
transformations. The specified interface include both single point and multiple point
coordinate transformations, performed as one operation.

The current scope of this interface does not include the functions:
a) Compute partial derivatives between different coordinates

b) Position error estimate computations

¢) Ground to image coordinate transformations

d) Imageto ground coordinate transformations

€) Image to image coordinate transformations between different original images,
performed as one operation or function

This OpenGI S°® standard specifies standard interfaces to be implemented by service
software that performs coordinate transformation services for somewhat separate client
software. This specification defines a general coordinate transformation service interface
plus TBD profiles of that interface. These interface profiles are for use by service
software that communicates with client software using different distributed computing
platforms (or environments). Profiles are defined herein for use in the CORBA, DCOM,
and TBD distributed computing platforms.

2 Conformance

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

© OGC 2001 — All rights reserved 1
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In order to conform to this OpenGI S° interface standard, a software implementation shall
choose to implement:

a) Any one of the conformance levels specified in Annex B (normative).

b) Any one of the Distributed Computing Platform (DCP) profiles specified in Annexes
D through E (normative).

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.

OGC 99-102r2, The OpenGIS™ Abstract Specification, Topic 2: Spatial Reference
Systems.

NOTE This specification assumes that OGC Abstract Specification topic 2 (OGC document 99-102r1)
is expanded to include the accepted additions in OGC document 00-026) and accepted editing in OGC
document 00-046r1.

ISO/TC 211 €B-DIS 19111(N-934)}, Geographic information — Spatial referencing by
coordinates.

European Petroleum Survey Group EPSG Geod%y Parametersv 5. 91 available at
http://www.epsg.orghttp:/iw :

| SO/IEC 14750, Information technology — Open Distributed Processing — Interface
Definition Language, 1999-03-15

4 Conventions

4.1 Symbols (and abbreviated terms)

API Application Program Interface

COM Component Object Model

CORBA Common Object Request Broker Architecture
COTS Commercial Off The Shelf

CRS Coordinate Reference System

CT Coordinate Transformation

DCE Distributed Computing Environment

DCP Distributed Computing Platform

DCOM Distributed Component Object Model

2 © OGC 2001 — Al rights reserved
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IDL
1SO
OGC
TBD
TBR
UML
WKT
XML
1D
2D
3D
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Document Type Definition

Interface Definition Language
International Organization for Standardization
Open GIS Consortium

To Be Determined

To Be Reviewed

Unified Modeling Language

Well Known Text

eXtensible extended-Markup Language
One Dimensional

Two Dimensional

Three Dimensional

4.2 UML Notation

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.

© OGC 2001 — All rights reserved 3
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Association between classes

Association Name
Class #1 Class #2
role-1 role-2
Association Cardinality
1.*
Class Only one Class One or more
—n
0.* Class Zero or more LS Specific number
0.1 Class

Optional (zero or one )

Aggregation between classes

Class Inheritance (subtyping of classes)

Aggregation between classes

Ag% regate Superclass
I I I I I |
Component Component Component Suhclass #11 | Subclass #2 | Subclass #n
Class #1 Class #2 Class #n
Association between classes
Association Name
Class #1 Class #2
role-1 role-2
Association Cardinality
1.*
Class Only one Class One or more
J—
0. Class Zero or more Class Specific number
0.1 Class Optional (zero or one )

Class Inheritance (subtyping of classes)

Figure1— UML notation

In this standard, the following three stereotypes of UML classes are used:

Aggregate Superclass
lass
[ | | [ [ I
Component Component Component
Class #1 Class #2 Class #n Subclass #1 Subclass #2

Subclass #n

© OGC 2001 — All rights reserved
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a) <<Interface>> A definition of a set of operations that is supported by objects having
thisinterface. An Interface class cannot contain any attributes.

b) <<DataType>> A descriptor of aset of valuesthat 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>> isaflexible enumeration that uses string values for expressing alist of
potential values.

In the UML modelsin this standard, the following standard data types are used:
a) Double— A double precision floating point number

b) CharacterString — A sequence of characters

5 Interface architecture

5.1 Introduction

This clause describes the architecture of the ground coordinate transformation interface.
Thisinterface architecture is independent of any specific Distributed Computing Platform
(DCP) by which separate software components communicate. This interface architecture
is described in three parts:

a) How coordinate reference systems are defined and represented
b) How coordinate transformations are defined and represented
¢) Interface for ground coordinate transformations

The details of this general coordinate transformation interface are specified in Annex C
(normative).

5.2 Coordinate reference systems
5.2.1 Introduction

The coordinates of points on or near the surface of the earth use coordinate reference
systems. These coordinate systems often reference points to the center of the earth,
defined as the position of the center of an ellipsoid that approximates the shape of the
earth. Some coordinate systems are three-dimensional (3D), and some are only two-
dimensional (2D). A 2D ground coordinate system usually defines only the horizontal
position along the ellipsoid, not including the vertical position with respect to the
ellipsoid or the geoid.

© OGC 2001 — All rights reserved 5
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5.2.2 Types of coordinate reference systems

There are awide variety of types of (ground) coordinate reference systems. The primary
types of coordinate systemsincluded in this standard are:

a)

b)

d)

f)

9)

Geocentric Cartesian-coordinate systerCRS — Anyn erthegenal-3D Cartesian

coordinate reference system with its origin at the (approximate) center of the Earth.

Geographic 3D eoerdinatesysteriCRS — Any 3D coordinate reference system based
on Latitude and Longitude position around an ellipsoid that approximates the shape
of the Earth. The third axisis the height above or below the ellipsoid surface.

Geographic 2D eoerdinate-systerrCRS — Any 2D coordinate reference system based
on Latitude and Longitude position around an ellipsoid that approximates the shape
of the Earth.

Projected eoordinatesysteraCRS — Any 2D map coordinate reference system,
derlved from aGeographlc 2D CRS by applyl ng a“map prOJectlon” parameterlzed

Vertical eoordinatesystemCRS — Any 1D coordinate reference system used for
vertical measurements. Such a vertical coordinate reference system can be elevation
above the geoid, depth below the geoid, or height above the ellipsoid.

Compound eoerdinate-systeriCRS — Any coordinate reference system that combines
coordinates-from-two or more simpler coordinate reference systems. A compound
coordinatesystemCRS can have any number of dimensions, from 1 to 4 or more. A
compound eeerdinate-systerCRS is often used to combine a 2D geographic or
projected coordinate system with a1B vertical-V ertical eoordinatesystemCRS, to
produce a 3D coordinate system.

Local Coeerdinate-SysterCRS: Any coordinate reference system that is defined for
and usually used in alimited region, significantly less than the complete surface of
the earth. Examples are Iocal englneerlng or archltectural coordlnates grids, and
drawings. Ha-thi '
cha o A leeaLLocaI eeerelma&esystemCRS can have anynumber—efone
or more dimensions.;-frem-1to-4-ormere: A Local Ceerdinate SystemCRS usually
has two characteristics:

1) Does not account for the curvature of the earth’s surface. (A Local Ceerdinate
SystemCRS is not a geeeentrie-Geocentric Cartesian-coordinate systemCRS,
altheugh-tmay-use Cartesian-axes-and is not a map prejected-Projected
coordinate systermCRS.)

2) Thedatum iswithin or on the edge of the region in which the Local Ceerdinate
SystemCRS is expected to be used. (The origin is neither the center of the earth

© OGC 2001 — All rights reserved
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ellipsoid nor the point with zero Latitude and Longitude in any common
geographic coordinate system.)

The datum of a Local Ceerdinate-SystemCRS might or might not have a specified (or |
known) position in geodetic coordinates. Similarly, the coordinate axes might or

might not have specified directions in geodetic coordinates. Such geodetic

coordinates include geographic coordinates, geocentric coordinates, and map

projected coordinates.

1) If the origin position and axes directions are specified in any geodetic coordinate
system, point positions in alocal coordinate system can be transformed to and
from other coordinate systems. One common use of such a georeferenced local
coordinate system is a grid coordinate system that defines the positions of a
rectangular grid of points located in a base coordinate reference system. Such a
grid coordinate system uses the grid origin for the axis origin, and uses the grid
gpacing for the axis units. Such a grid of pointsisused in agrid coverage, and for
other purposes. Such a grid coordinate system can be specified by an affine
transformation from the base coordinate reference system. (Note that such agrid
coordinate system can be derived from geographic or map projected coordinates,
in which case it does account for the curvature of the earth’s surface.)

2) Ingenerd, if the origin position and/or axes directions are not specified in any
geodetic coordinate system, point positionsin alocal coordinate system cannot
be transformed to other coordinate systems. However, if two local coordinate
systems have the same number of dimensions, axes names, axes units, and local
datum, then software is permitted to assume that the two local coordinate systems
are identical. This alows multiple datasets from a common source (e.g. a CAD
system) to be overlaid. In addition, some implementations of a Coordinate
Transformation software may have a mechanism for correlating Local Datums.
(e.g. from a database of transformations, which is created and maintained from
measurements.)

5.2.3 Relationships between coordinate reference systems

With the exception of some local coordinate reference systems, there are known |
relationships between the different types of coordinate reference systems. Therefore, the
data that speeifies-describes a coordinate reference system usuathy-often includes data that
specifies the coordinate transformation ef-to that eeerdinate systemCRS to-from a
different eoerdinatereferencesysterCRS, often to a more-basic ecerdinatesystemCRS.
For example, a geographic coordinate reference system speeitication-description defines
its relationship to a geeeentrie-Geocentric Cartesian-coerdinate systemCRS. Similarly, a

leeal-Local ecordinatesystemCRS specification-description often defines its relationship
to another eoordinatereferencesystemCRS. This coordinate transformation information

isincluded so that data for a source and atarget coordinate system often provides enough
information to define at least one coordinate transformation from that source coordinate
reference system to that target coordinate reference system.

© OGC 2001 — All rights reserved 7
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5.3 Coordinate transformations
5.3.1 Coordinate transformation definitions

In general, the complete definition of a coordinate transformation requires definitions of
three parts:

a) Source coordinate reference system, of input point coordinates.
b) Target coordinate reference system, of output point coordinates.
c) Specific coordinate transformation or transformation choice.

A specific coordinate transformation defines the transformation method and specifies all
the needed transformation parameters. A transformation choice selects one from multiple
aternative coordinate transformations from the source to the target coordinate reference
systems. The transformation choice is needed whenever more than one transformation
aternative between the two related coordinate systems could be used by the server
software. For example, one known transformation may be fast and approximate (quick
and dirty) and other transformations may be slower and more accurate.

This standard makes no distinctions between coordinate conversions (specified without
any errors) and coordinate transformations (usually specified with some errors). In both
cases, a coordinate conversion or transformation service will commit some computation
errors. Furthermore, the software interface should be identical for both coordinate
conversionsand transformations. In this standard, the term coordinate transformation is
thus used for both conversions and transformations, using the same interface.

5.3.2 Categories of coordinate transformations

There are three broad categories of coordinate transformations. implied, well-known, and
custom.

Some coordinate transformations are implied (or indirectly specified) by the source and
target coordinate reference systems. This occurs when the complete specifications of the
source and target coordinate reference systems include sufficient data (as discussed in
Clause 65.2.3) to define a useful coordinate transformation from the source to the target
coordinate reference system.

Some coordinate transformations are well-known (including the source and target
coordinate reference systems). Well-known coordinate transformations are often, but not
aways, used for ground coordinate systems. Detailed definitions of such well-known
coordinate transformations can be built into server software, or can be automatically
accessed by server software from an “authority” source of data. Many such “authorities’
provide detailed definitions of multiple coordinate reference systems and multiple
transformations, with each identified using some identifier.

However, some coordinate transformations are custom (or special), with the detailed
definitions known only to, or primarily by, the client. Such custom coordinate
transformations are common for image coordinates, and are sometimes used for ground
coordinates. To handle custom coordinate transformations, server software must allow
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some clients to provide the detailed definition (or specifications) of a custom coordinate
transformation.

5.3.3 Selection from multiple coordinate transformations

Animplied or awell-known coordinate transformation will often be just one of multiple
possible coordinate transformations from one source to one target coordinate reference
system. That is, several different coordinate transformations may exist and have different
domains of validity, accuracies, and computation speeds. To handle this situation, server
software shall alow clients to provide the detailed definition of a specific desired
coordinate transformation.

In this architecture, the ability for a client to provide information specifying the desired
coordinate transformation is provided by including coordinate transformation definition
datain transformation metadata sent to server software. When the client exercises this
capability, this coordinate transformation definition data will be populated, and the server
must use the client provided data. When the client does not exercise this capability, this
transformation data will be empty. This can occur when there is only one implied or well-
known transformation from the source to the target coordinate system. This can also
occur when there are multiple alternative transformations, but the client chooses to let the
server software make the choice.

Server software that implements this interface specification is allowed, but not required,
to automatically select from among multiple available coordinate transformations, when a
client does not define a choice. For example, server software could select default
transformations coded for selected pairs of source and target coordinate reference
systems. Also, server software could make more "intelligent" choices from among
multiple available transformations. Whenever server software is unable to select from
multiple transformations, it shall reject the client request.

For “intelligent” choices between multiple coordinate transformations, awide variety of
decision algorithms and information sources could be used by server software. This
version of this interface specification does not specify these decision algorithms and
information sources. Those decisions are left up to the vendors that implement these
specifications, alowing competition on this subject. In the future, server software could
allow clients to provide information to help the server select from multiple coordinate
transformations available. For example, a client may need a coordinate transformation
with high computation speed and high accuracy but only a limited domain of validity.

5.3.4 Multiple coordinate transformations

Server software can provide the ability to perform a set of different coordinate
transformations. However, each additional coordinate transformation (including its
source and target coordinate reference systems) that is smultaneoudly active in a server
has a computer memory cost. This cost will usually be borne by the user of the server,

perhaps by:

a) Additional memory is consumed by server software that runs on a user-supplied
computer.
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b) User ischarged for each additional active coordinate transformation, either actually
used or maximum allowed active.

c) Additional time is consumed by server software in responding to client called
operations.

Therefore, means are provided to limit the number of coordinate transformations
simultaneously active in a server. These means allow each client to limit the number of
coordinate transformations which are simultaneousdly active in the server for that client.

5.4 Ground coordinate transformation service
5.4.1 Introduction

The ground coordinate transformation service performs coordinate transformations
between many pairs of different coordinate reference systems. This ground coordinate
transformation service supports al the types of ground coordinates listed in Subclause
6.2.

The standard interface to a ground coordinate transformation service has only one
<<Interface>> object visible to a client, and this object always exists while the server is
active. This object is of the “GroundCoordinateT ransformationService” class shown in
the UML diagram in Figure 2. This interface object has five specified public operations
as listed in the box in the diagram and as described in the following subclauses. (As an
interface object, this object has no public attributes.)

used per server or per client,
and this object always exists

Only one object of this class is ?

<<lInterface>>
GroundCoordinateTransformationService

qtransform(point : CoordinatePoint, transformation : TransformationID) : CoordinatePoint
qtransformList(points : PointList, transformation : TransformationID) : PointList
laddTransformation(transformation : TransformationMetadata, format : TextFormat) : TransformationID
removeTransformation(transformation : TransformationID) : Null
transformationMetadata(transformation : TransformationID, format : TextFormat) : TransformationMetadata

Figure 2 —Ground coor dinate transfor mation service class

The operations provided by this interface object use one <<CodeL ist>> class and seven
<<DataType>> classes, named:

a) TextFormat <<CodeList>>

b) CoordinatePoint <<DataType>>
c) PointList <<DataType>>

d) TransformationlD <<DataType>>
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e) TransformationMetadata <<Datalype>>
f) CoordinateReferenceSystem <<Datalype>>
g) TransformationDefinition <<DataType>>

These eight data classes are described in subclauses following the descriptions of the five
public operations.

All seven of these <<DataType>> classes in this DCP-independent UML model are used
primarily for specification precision. That is, each data type has a definition that applies
to all the operation inputs and outputs which use that data type. However, each such data
type has a single attribute, or has simple contents. These data types are defined because
using "CharacterString”, Sequence<Double>, or other unnamed data types for different
operation arguments does not indicate which of these arguments must have exactly the
same format and contents. In DCP-specific profiles, these data types can be replaced by
the underlying contents of that class, if useful for efficiency, without changing the
specified meaning of each data type.

5.4.2 The “transform” operation
transform (point : CoordinatePoint, transformation : Transformationl D) : CoordinatePoint

The most fundamental operation provided by the Ground Coordinate Transformation
Service object is the “transform” operation. This “transform” operation uses a Coordinate
Point input, in a source coordinate reference system, and outputs the corresponding
Coordinate Point, in atarget coordinate reference system. The other input to this
operation is a Transformation 1D, which identifies the source and target coordinate
reference systems.

This “transform” operation is optional implementation by server software, since the same
function can be performed using the “transformList” operation discussed next.

5.4.3 The “transformList” operation
transformList (points: PointList, transformation : Transformationl D) : PointList

The “transformList” operation uses a Point List input, in one source coordinate reference
system, and outputs the corresponding Point List, in one target coordinate reference
system. The other input to this operation is a Transformation ID, which identifies the
source and target coordinate reference systems.

Each Point List contains alist of Coordinate Point data, or the equivalent. This
“transformList” operation is provided for efficiently transforming the coordinates of alist
of points, by the client calling just one operation.

5.4.4 The “addTransformation” operation

addTransformation (metadata : TransformationMetadata, format : TextFormat) :
Transformationl D
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The “addTransformation” operation allows a client to obtain the Transformation ID value
for the transformation between client-specified source and target coordinate reference
systems. This operation uses a Transformation Metadata input, and outputs the
corresponding Transformation ID. The Transformation Metadata input includes data
defining the source and target coordinate reference systems. Whenever needed, the
Transformation Metadata input also includes data defining the desired coordinate
transformation. This operation also uses a Text Format input that specifies the format
used by the Transformation Metadata input.

The Transformation Metadata input will often contain only the identifications of the
source and target coordinate reference systems, when those systems are well-known. This
requires that the server software aready know or be able to find the definitions of a set of
well-known coordinate transformations (including the corresponding source and target
coordinate reference systems). The specific set of coordinate transformations that are
well-known is implementation specific, but a standard set of well-known coordinate
transformations for compliant implementations are specified in Subclause B.4.

The server software is expected to make the specified transformation active when the
“addTransformation” operation is executed for aclient. If the server software must find
and/or convert for quick use the specifications of well-known coordinate transformations
(including the corresponding source and target coordinate reference systems), the server
is expected to cache the (converted) specifications of multiple recently-used
transformations.

Each client is required to use this addTransformation operation to obtain each
Transformation 1D, before using that Transformation ID in a*“transform”,
“transformList”, or “transformationM etadata” operation. For server interoperability, a
server implementation is not alowed to specify a set of Transformation ID valuesthat are
well-known to clients of that service implementation.

5.4.5 The “removeTransformation” operation
removeT ransformation (transformation : Transformationi D) : Null

The “removeTransformation” operation allows a client to remove or make inactive a
specific Transformation ID value, including the definition of a custom coordinate
transformation. This operation is provided for client use when that coordinate
transformation is no longer needed by that client. The coordinate transformation
(including source and target coordinate reference systems) to be removed is identified by
the Transformation ID input. This operation has no output.

This removeT ransformation operation is optional implementation by server software,
since some clients are not expected to need this capability. Whether this operation is
provided or not, a server implementation:

a) Isalowed to limit the number of currently active coordinate transformations by
automatically making non-active server-selected active transformations that were not
recently used.
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b) Isnot alowed to limit the number of currently active coordinate transformations by
rejecting additional coordinate transformations received from client(s), after some
maximum number of active transformations is reached.

5.4.6 The “transformationMetadata” operation

transformationM etadata (transformation : Transformationl D, format : TextFormat) :
TransformationM etadata

The “transformationMetadata” operation allows a client to retrieve a detailed definition
of the coordinate transformation (including source and target coordinate reference
systems) that is identified by an input Transformation ID. This operation also uses a Text
Format input that specifies the format to be used by the Transformation Metadata output.

This “transformationM etadata’” operation is optional implementation by server software,
since some clients are not expected to need this capability.

5.4.7 The " Coordinate Point” data type

The Ground Coordinate Transformation Service uses the “Coordinate Point” datatypeto
transfer the position coordinates of one point. This data type includes an ordered
sequence of double precision floating point (or Double) values for the ordinates of the
point.

For efficiency in a DCP-dependent profile, the Coordinate Point data type could be
replaced by an ordered sequence of Double data types.

5.4.8 The " Point List” data type

The“Point List” datatype is used to transfer alist of coordinate points. This data type
includes an ordered sequence of Coordinate Point data values.

For efficiency in a DCP-dependent profile, the Point List data type could be replaced by a
two-dimensional array of Double data types, or the equivalent.

5.4.9 The “Transformation ID” data type

The “Transformation ID” datatype is used to transfer the identifier of a specific
coordinate transformation. The Transformation ID data type contains one character
string, whose contents are not interpretable by (are opague to) clients, and are not shared
by different server software.

For efficiency in a DCP-dependent profile, the Transformation ID data type could be
replaced by the character string data type.

5.4.10 The “ Text Format” code list

The“Text Format” code list is used to transfer the identity of the format of the related
Transformation Metadata. The allowed codes correspond to the names of one or more
XML-based formats, perhaps plus one or more WKT-based formats.
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At least one of the XML based formats is required implementation by server software,
with the other possible formats being optional implementation.

5.4.11 The “Transformation Metadata” data type

The “Transformation Metadata’ data type is used to transfer transformation definition
data, including the source coordinate reference system, target coordinate reference
system, and transformation choice. That is, this data type contains one source Coordinate
Reference System definition, one target Coordinate Reference System definition, and one
optional Transformation Definition. For input to server software, the Transformation
Definition can be omitted or empty unless a transformation selection or specification is
needed between the related source and target coordinate reference systems.

For efficiency in a DCP-dependent profile, the Transformation Metadata data type could
be replaced by the character string datatype. For example, that character string could use
XML to combine the source and target Coordinate Reference System values with the
optional Transformation Definition value.

5.4.12 The “ Coordinate Reference System” data type

The “ Coordinate Reference System” datatype is used to transfer definition data for a
source or target coordinate reference system. The Coordinate Reference System data type
contains one character string, whose contents encode the needed coordinate reference
system definition data using the format specified by the related Text Format value. XML
encoding of a Coordinate Reference System definition is introduced later in Subclause
8.2.

For efficiency in a DCP-dependent profile, the Coordinate Reference System data type
could be replaced by the character string data type.

5.4.13The “Transformation Definition” data type

The “Transformation Definition” data type is used to transfer definition data for a
coordinate transformation (not including the related source and target coordinate
reference systems). For input to server software, the Transformation Definition can be
empty unless a transformation specification or selection is needed between the related
source and target coordinate reference systems. The Transformation Definition data type
contains one character string, whose contents encode the needed coordinate
transformation definition data using the format specified by the related Text Format
value. XML encoding of a Transformation Definition is introduced later in Subclause 8.2.

For efficiency in a DCP-dependent profile, the Transformation Definition data type could
be replaced by the character string data type.
6 DCP specific interface profiles

6.1 Introduction

This clause introduces the TBD specified profiles of the general Ground Coordinate
Transformation interface described in Clause 6. These profiles are for specific Distributed
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Computing Platforms (DCPs) by which separate software components communicate.
Profiles are included for the CORBA, DCOM, and TBD.

6.2 CORBA interface profile

This subclause introduces the CORBA specific profile of the general Coordinate
Transformation interface introduced in Clause 5. The details of this CORBA profile are
specified in Annex D (normative). The CORBA profile is alargely straightforward
trandation from the general interface UML model into the |SO/CORBA Interface Design
Language. Some specifics are:

a) Theground coordinate transformation service is trandated into one IDL module.

b) The Text Format code list isimplemented as a CORBA string, for ease of expansion.
The CORBA profile specifies standard values for this string for each currently
specified text format.

c) The Transformation Metadata is transferred as a CORBA data structure containing
three strings. (The CORBA profile does not use XML encoding of the
Transformation Metadata as one XML document.)

d) Three CORBA exception types are specified, with multiple subtypes. All operations
of all interfaces are allowed to raise any of these exceptions. All exception types are
allowed since different coordinate systems and coordinate transformations, including
probable future additions, could cause different exceptions to be raised.

e) Each use-specific exception returns a data structure containing four strings. The first
string describes the exception subtype (and implies the exception type). The possible
contents of thisfirst string are specified in this CORBA profile, and shall be used by
all compliant implementations of this specification. The other three strings provide
more detailed information in human understandable text. The contents of these three
strings are not standardized in this CORBA profile, allowing implementations to use
different string contents. That is, the contents of these strings can be tailored to
specifics of the server software, and the expected usage of that software. The last two
strings can be empty.

6.3 DCOM interface profile

This subclause introduces the DCOM specific profile of the general Image Coordinate
Transformation interface introduced in Clause 5. The details of this DCOM profile are
specified in Annex E (normative). The DCOM profileis TBD

7 Supporting information

7.1 Introduction

This clause introduces information supporting the software interface specifications that
are summarized in Clauses 5 and 6, and are more fully specified in Annexes A through E.
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7.2 XML encoding of coordinate reference systems and transformations

The coordinate transformation interfaces specified in this document make heavy use of
XML encoding for transfer of data between a client and a server. Indeed, much of the
interface complexity is encapsulated in the XML data structure alternatives and options.
The same XML encodings are used by the general ground coordinate transformation
interface introduced in Clause 5 and by all the DCP specific profiles introduced in Clause
6. These XML encodings are largely the same as proposed in OGC document 66-
040r801-014.

The details of this XML encoding are specified in Annex F (normative). Annex G
(informative) then provides overviews and examples of the specified XML encoding.
Annex G also summaries the differences in this XML encoding, compared to the
corresponding XML DTDs proposed in OGC document 86-640r801-014.

Annexes F and G each describe the XML used in three parts, for representation of:
a) Coordinate Reference System definition

b) Coordinate Transformation Definition

¢) Shared Elements, used by both above

7.3 Interface design decisions

Annex H (informative) provides insight into the design process used to develop this
interface specification. This annex first summarizes the design objectives and design
approaches used to guide design decisions. This annex then summarizes seme-many of
the decisions made in designing these coordinate transformation interfaces. These design
decisions are listed in groups depending on the interface part affected:

a) Ground coordinate transformation service
b) XML for coordinate reference system definition

¢) XML for coordinate transformation definition

7.4 Possible future expansion

There are alarge number of possible refinements and expansions that could be made to
the coordinate transformation interfaces specified in this document. Annex |
(informative) briefly lists a few of the capabilities that might be added in the future.

8 Terms and definitions

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

NOTE These definitions are copied from the proposed OGC Recommendation Paper on
Recommended Definition Data for Coordinate Reference Systems and Coordinate Transformations, OGC

document 00-040r801-014. However, some definitions in that document are not relevant here, and are thus
omitted here.
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8.1
affine coor dinate system
coordinate system with straight axes that are not necessarily mutually-perpendicular

8.2

Cartesian coordinate system

coordinate system which gives the position of points relative to N mutually-perpendicular
straight axes

NOTE1 These coordinates are often called rectangular coordinates.
NOTE2 Nis2or3.

8.3

compound coor dinate r efer ence system

coordinate system describing the position of points through two or more independent
coordinate reference systems

EXAMPLE One coordinate reference system can be atwo-dimensional horizontal coordinate system,
and the other coordinate reference system can be a vertical gravity-related height system.

8.4
concatenated transfor mation
sequential application of multiple coordinate transformations.

8.5

coordinate

one of a sequence of N numbers designating the position of a point in N-dimensional
space

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

8.6

coor dinate conversion

change of coordinates, based on a one-to-one relationship, from one coordinate system to
another based on the same datum

EXAMPLE Between geographic and Cartesian coordinate systems or between geographic coordinates and map
projected coordinates, or change of units such as from radians to degrees or feet to meters.

NOTE A conversion uses parameters which have eenstant-specified values, not empirically determined
values.

8.7
coor dinate r eference system
coordinate system which is related to the real world by a datum

NOTE For geodetic and vertical datums, it will be related to the Earth.
8.8

coor dinate system-deseription |
deseription-ef-the set of coordinate axes used to record point coordinates in a coordinate |
reference system

NOTE One coordinate system may be used in many coordinate reference systems. ‘
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8.9

coor dinate transfor mation

computational process of converting a position given in one coordinate reference system
into the corresponding position in another coordinate reference system

NOTE1 A coordinate transformation can require and use datum and ellipsoid parameters.

NOTE 2 Theterm ‘transformation’ is strictly used only when the parameter values associated with the
transformation have been determined empirically from a measurement / calculation process. Thisis
typically the case when a change of datum isinvolved.

8.10

datum
parameter or set of parameters that may serve as areference or basis for the calculation of
other parameters

NOTE1 A datum defines the position of the origin, the scale, and the orientation of the axes of a
coordinate system.

NOTE2 A datum may be a geodetic datum, a vertical datum or an engineering datum.

8.11

depth

distance of a point below a chosen reference surface, usually measured along the local
vertical (gravity vector).

NOTE1 Depthis sometimes measured along aline that does not follow the local gravity vector. An
example is depth in an oil or gaswell. These are generally measured along the wellbore path, which may
vary significantly from the local vertical. Some sections of a wellbore path may even run horizontally or
slope upwards. Nevertheless the distance along the wellbore path is referred to as ‘ depth'’.

NOTE 2 Seeéelevation, elipsoidal height, and gravity-related height.

8.12

dimension

number of measdrements-er-ordinates axes-needed to describe a position in a coordinate
system

8.13

Distributed Computing Platform (DCP)

a standardized software environment enabling distributed computing, by supporting
cooperation among software executing on multiple computers that communicate over a
communications network
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NOTE1 A DCP enables software applications to interact with each other even though they execute on
different computers. A DCP addresses issues of networking, communicating between different computer
systems from different manufacturers, distributed data storage, security, and other client/server issues.

NOTE2 ThisOGC termis an abstraction of the various distributed computing environments available,
especially those in the marketplace today. A DCP is thus a generalization of the CORBA, DCE, JAVA,
SQL, DCOM, and other distributed computing platforms. (The OGC would have used "Distributed
Computing Environment” (DCE) but that term was already used by one particular DCP.)

EXAMPLES Microsoft's DCP is called OLE/COM or DCOM. The Object Management Group's DCP
is called CORBA. Microsoft's DCPs include DCOM, OLE/COM, and SOAP. The SQL standard that
includes a protocol for network-based accessto SQL databasesis also considered a DCP. Other examples
include Distributed Computing Environment (DCE) from the Open Software Foundation (OSF) and Java
from SunSoft.

8.14

elevation

distance of a point from a chosen reference surface along a line perpendicular to that
surface

NOTE1 Seedlipsoidal height and gravity-related height.
NOTE 2 Height of apoint outside the surface treated as positive; negative height is also named as depth.

8.15
ellipsoid
surface formed by the rotation of an ellipse about an axis

NOTE In this Standarddocument, ellipseids-are-always-oblate-meaning-that-the axis of rotation is

always the minor axis.

8.16

ellipsoidal height

geodetic height

distance of a point from the ellipsoid measured along the perpendicular from the ellipsoid
to this point, positive if upwards or outside of the ellipsoid

NOTE Only used as part of athree-dimensional geodetic coordinate system and never on its own.

8.17

flattening

ratio of the difference between the semi-major (a) and semi-minor axis (b) of an ellipsoid
to the semi-mgjor axis; f = (a-b)/a

NOTE Sometimes inverse flattening 1/f = a/(a-b) is given instead of flattening; 1/f is also known as
reciprocal flattening.

8.18

geocentric Sartestan-coor dinate r efer ence system

3-dimensional Cartesian coordinate reference system with its origin at the (approximate)
center of the Earth
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8.19

geodetic coordinate system

ellipsoidal coordinate system

coordinate system in which position is specified by geodetic latitude, geodetic longitude
and (in the three-dimensional case) ellipsoidal height

8.20

geodetic coordinates

coordinates defined in a Geocentric, Geographic (2D or 3D) or Projected coordinate
reference system.

8-208.21
geodetic datum
datum describing the relationship of a coordinate system to the Earth

NOTE In most cases, the geodetic datum includes an ellipsoid definition.

8.218.22

geogr aphic coordinate r efer ence system

coordinate reference system using an ellipsoidal coordinate system and based on an
ellipsoid that approximates the shape of the Earth

NOTE A geographic coordinate reference system can be 2D or 3D. In a 3D geographic coordinate
reference system, the third dimension is height above or below the ellipsoid surface.

8.228.23
geoid
level surface which best fits mean sea level either locally or globally

NOTE “Level surface” means an equipotential surface of the Earth’s gravity field which is everywhere
perpendicular to the direction of gravity.

| 8.238.24
gravity-related height
height dependent on the Earth’s gravity field

NOTE In particular, orthometric height or normal height, which are both approximations of the
distance of a point above the sealevelgeoid.

8.248.25
Greenwich meridian
meridian passing through Greenwich, United Kingdom

NOTE Most geodetic datums use Greenwich meridian as the prime meridian.

| 8.258.26
ground coor dinates
earth referenced coor dinates
terrestrial coordinates
coordinates of points measured in a non-image coordinate reference system
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NOTE The term ground coordinates is used herein to distinguish such coordinates from image
coordinates. Even when an image is collected by a near vertical camera, image coordinates are different
from ground coordinates!

8.268.27

height

altitude

distance of a point from a chosen reference surface along a line perpendicular to that
surface

NOTE1 Seedlipsoidal height and gravity-related height.

NOTE 2 Height of apoint outside the surface treated as positive; negative height is also named as depth.

8.278.28
image
record of the likeness of any features, objects, and activities

NOTE An image can be acquired through the sensing of visual or any other segment of the
electromagnetic spectrum by sensors, such as thermal infrared, and high resolution radar.

8.288.29
image coor dinates
definition of position within an image, expressed in image row and column coordinates

8-298.30
interface
shared boundary between two functional entities

NOTE An interface standard specifies the services in terms of the functional characteristics and
behavior observed at theinterface. The standard isa contract in the sense that it documents a mutual
obligation between the service user and provider and assures stable definition of that obligation.

8:308.31

latitude

geodetic latitude

ellipsoidal latitude

angle from the equatorial plane to the perpendicular to the ellipsoid through a given
point, northwards treated as positive

8.318.32

local coordinate system

a coordinate reference system that is defined for and usually used in alimited region,
significantly less than the complete surface of the earth

EXAMPLES Local engineering and architectural coordinates, grids, and drawings.

NOTE The datum of a Loca Coordinate Reference System might or might not have a specified (or

known) position in geodetic coordinates. Similarly, the coordinate axes might or might not have specified

directions in geodetic coordinates. Such geodetic coordinates include geographic coordinates, geocentric
coordinates, and map projected coordinates.
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8.328.33

local datum

engineering datum

datum with alocal reference, used as a basis for alocal coordinate system

NOTE Engineering datum excludes both geodetic and vertical datums.

8.338.34

longitude

geodetic longitude

ellipsoidal longitude

angle from the prime meridian plane to the meridian plane of the given point, eastward
treated as positive

8.348.35
map projection
conversion from a geodetic coordinate system to a plane

8-358.36
mean sea level
average level of the surface of the sea average over all stages of tide

NOTE Mean sea level in alocal context normally means mean sea level for the region as measured by
tide gauge measurements at one or more points over a given period of time. Mean sea level in a global
context differs from a global geoid by not more than 2 metres.

8.368.37

meridian

intersection of an ellipsoid by a plane containing the semi-minor axis of the ellipsoid
NOTE Thisterm is often used for the pole-to-pole arc rather than the complete closed figure.

8-378.38

position

gpatial reference of a point or an object

8-388.39

prime meridian

zero meridian

meridian from which the longitudes of other meridians are quantified

8:398.40

projected coordinate r efer ence system

two-dimensional Cartesian-coordinate reference system resulting from a map projection,
commonly using a Cartesian set of coordinate axes (coordinate system)

NOTE A projected coordinate system is derived from a 2D geographic coordinate system by applying
a parameterized coordinate transformation known as a “map projection” parameterized-coordinate
trapstormation.

8.408.41
semi-major axis
equatorial radius of an ellipsoid
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8.418.42
semi-minor axis
distance from centre of an ellipsoid to either of its poles

8.428.43

transfor mation

change of coordinates from one coordinate reference system to another coordinate
reference system based on a different datum through a one-to-one relationship

NOTE A transformation uses parameter values which may have to be derived empirically by a set of
points common to both coordinate reference systems. See coordinate conversion and coordinate
transformation.

8.438.44

unit

defined quantity in which dimensioned parameters are expressed

NOTE In this document, the subtypes of units are length units and angular units.
8.448.45

vertical coordinate reference system
1-dimensional coordinate reference system used for elevation, height, or depth
measurements

8:458.46
vertical datum
datum describing the relation of gravity-related heightsto the Earth

NOTE In most cases the vertical datum will be related to sealevel. Ellipsoidal heights are treated as
related to athree-dimensional ellipsoidal coordinate system referenced to a geodetic datum. Vertical
datums include sounding datums (used for hydrographic purposes), in which case the heights may be
negative heights or depths.

8.468.47

well-known

shar ed

datathat has been completely specified and published by some recognized authority, and
is accessible through use of an identifier

NOTE1 Waell-known data does not always have to be transferred between client and server software.

NOTE 2 Well-known usualy impliesthat this datais very trustworthy. Well-known does NOT imply
that this data is less trustworthy or of lesser importance.
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Annex A
(normative)

Compliancetesting

1A.1 Compliance testing overview

Thefirst step in testing compliance with the interface specified in this document shall be
review of the implementation documentation. This review shall determine the
implementation capabilities that need to be tested, and shall verify that the
implementation capabilities are sufficiently specified. Documentation review is discussed
in more detail in Subclause A.2.

Compliance testing of software that implements this |mplementation Specification is
logically organised by the coordinate transformations which are implemented by that
software. Only those coordinate transformations identified as being implemented by that
implementation should be tested.

Idedlly, al coordinate transformations identified as being implemented by an
implementation should be tested. However, if more than 100 (TBR) different coordinate
transformations are implemented, a diverse sample of 100 (TBR) of those
transformations may be tested. That diverse sample should include each supported source
coordinate reference system, supported target coordinate reference system, and supported
type of coordinate transformation without specific source and target coordinate reference
systems.

For each tested coordinate transformation, a sequence of service operations shall be
called, al using that coordinate transformation. These sequences of service operations are
specified below in Subclause A.3.

For most coordinate transformations, the sequence of service operations called to test that
coordinate transformation shall be intermixed with the service operations called to test at
least one other coordinate transformation. However, afew coordinate transformations
shall be tested without intermixing operations with other coordinate transformations.

1A.2 Documentation review

Compliance testing shall begin with a documentation review, to determine the
implementation capabilities that need to be tested. This documentation review shall also
check if the set of all capabilities implemented is sufficiently specified. Specifically, this
review shall check if the documentation clearly specifies the capabilities implemented,
including:

a) Which of the specified compliance levels it fully supports.
b) Which DCP-specific profile(s) it implements.
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¢) Which coordinate transformations it implements.
d) Which coordinate reference systems it implements.
€) Which interface operations it implements.

f)  Which data types it implements.

g) Which Text Format code values it implements.

All of thisinformation shall be used to define or select the compliance teststo be
performed. For example, the DCP-specific profile(s) shall be used to select the form to be
used in calling interface operations during the testing. The list of implemented coordinate
transformations defines the set of transformations which should each be tested. The
specification of each implemented coordinate transformation shall be used to determine
the correct relationship of output datato the corresponding input data. Each implemented
interface operation, data type, and Text Format value shall be tested.

2A.3 Operations calling sequence

For each tested coordinate transformation, a sequence of service operations shall be
called, al using that coordinate transformation. The first service operation called shall be
the addTransformation operation;-ef-the- Ground-Coerdinate Transformation-Service. The
Transformation ID value returned by the addTransformation operation shall then be used
as an input to al other operations. If the removeTransformation operation of the Ground
coordinate transformation service is implemented, it shall be the last service operation
called.

Between the addTransformation operation and the removeT ransformation operation, each
other implemented transformation service operation shall be called at least once. These
other interface operations are:

a) transformList-{Ground-coerdinatetransformation-service)
b) transform{Ground coordinate transformation service)
¢) transformationM etadata{Ground-coordinate transformation serviee)

NOTE Depending on the compliance level, not all the operations listed above need to be implemented.
The operations not implemented can be omitted in the compliance testing.

The three interface operations listed above can be legally called in any order, so a variety
of operation orders shall be used for testing different coordinate transformations. Also,
each of the interface operations listed above can be called multiple times, so each
implemented operation shall be called more than once in testing several different
coordinate transformations.

Each of the interface operations listed above has one or more outputs that should have the
proper correspondence to the operation inputs, depending on the specific coordinate
transformation. For conformance testing, the output from each call to each of these
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operations shall be checked to ensure that it has the correct correspondence to the inputs
provided.

NOTE The bulk of the work involved in preparing compliance tests will be in obtaining the “correct”
outputs that correspond to the various inputs, for each coordinate transformation. For each “correct” output
value, a suitable allowed error tolerance must also be selected. Significant work is also required to find
suitable inputs, especialy the coordinates of one or more Coordinate Points for each coordinate
transformation tested.
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Annex B
(normative)

Compliance levels and options

1B.1 Compliance overview ‘

This Implementation Specification defines TBD different DCP-specific profiles, for
CORBA, DCOM, and TBD. A compliant implementation of this specification shall
implement at least one of these DCP-specific profiles, and shall clearly specify which
profile(s) it implements.

This specification specifies a basic set of coordinate transformations, and a basic set of
coordinate reference systems. However, a compliant implementation can implement
additional coordinate transformations and coordinate reference systems. Furthermore, a
compliant implementation might not implement all the coordinate transformations and
coordinate reference systems specified herein, as discussed below under compliance
levels.

Any compliant implementation of this Implementation Specification shall clearly specify
which sets of coordinate transformations and of coordinate reference systemsiit
implements. Whenever applicable, the definition of each implemented coordinate
transformation shall identify the source and target coordinate reference systems.

This specification currently defines two compliance levels with the service interfaces
specified herein. Since many clients will not require the full capabilities provided by
these image coordinate transformation interfaces, some of the specified interface
elements are considered optiona implementation by server software. These optiona
elements are specified in Subclause B.2.

Any compliant implementation of this Implementation Specification shall clearly specify
which interface elements it implements, including both required and optional interface
operations and data types. The implemented interface elements are allowed to include
operations and data types not specified in this document. Any compliant implementation
shall aso clearly specify which code values of the Text Format code list are
implemented, and any limitations on when each code value can be used.

To support interoperability among compliant implementations, Subclause B.3 specifies
two levels of compliance with this Implementation Specification. Each compliance level
specifies which of the optional interface elements, if any, must be implemented.

1B.2 Optional interface elements

This Implementation Specification defines many interface elements that are optional
implementation by server software, since many clients will not require the full interface
capabilities. The optional interface elements are:
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a) Ground coordinate transformation service:
1) Optional operations:
i) transform
i) transformationM etadata
i) removeTransformation
2) Optional datatypes: none optional
3) Optional coordinate reference system types. none optional
4) Optiona coordinate transformation types:
i) Inversetransformation (TBR)
i) Passthrough transformation
b) XML for coordinate transformation definition:
1) Optional XML Elements:

i) InverseTransformation

NOTE The InverseTransformation XML element is required if the Inverse Transformation coordinate
transformation type is implemented.

i) PassThroughTransformation
iii) firstModiedAxis
iv) numberModifiedAxes

NOTE The three XML elements listed above are required if the Pass Through Transformation
coordinate transformation type is implemented.

2) Optional XML Attributes: none optional
c) XML for coordinate reference system definition:
1) Optional XML Elements: none optional
2) Optional XML Attributes: none optional
d) XML for shared elements:
1) Optional XML Elements:
i) ValidityRegion
i) validityArea
i) minimumCoordinates

iv) maximumCoordinates
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2) Optional XML Attributes: none optional

1B.3 Compliance levels

To promote interoperability among compliant implementations, this annex-subclause
specifies two levels of compliance with this |mplementation Specification. The lower
level of server implementation compliance does not require implementation of any of the
optional interface elements. The higher level of server implementation compliance
requires implementation of al the optional interface elements.

The levels of compliance are specified in the following subclauses, and are summarized
in Table B.1. In thistable, the defined levels of compliance are enumerated across the
top, and various groups of interface elements are enumerated down the left side. Each
group of interface elements not starting with the word “ Options’ excludes the set of
options referred to in the following row that starts with the word “ Options’. A table cell
containing the tern “shall” means that this level of compliance shall implement this group
of interface elements. A table cell containing the term “need not” means that this level of
compliance need not implement this group of interface elements.

Table B.1 - Compliance levels specification

Compliance L evel Name
Minimum ground M aximum ground
Group of Interface Elements coordinate coordinate
transfor mation server transfor mation server
Ground coordinate transformation service shall shall
Optionslisted in item a) of clause B.22 need not shall
XML for coordinate transformation definition shall shall
Options listed in item b) of clause B.2%: need not shall
XML for coordinate reference system definition shall shall
Optionslisted in item ¢) of clause B.22 need not shall
XML for shared elements shall shall
Options listed in item d) of clause B.21 need not shall

4B.3.1 Minimum ground coordinate transformation server

The” Minimum ground coordinate transformation server” compliance level shall
implement the ground coordinate transformation service interface, but need not
implement any of the optional interface elements listed for that service under item @) in
Subclause B.2.

1B.3.2 Maximum ground coordinate transformation server

The” Maximum ground coordinate transformation server” compliance level shall fully
implement the ground coordinate transformation service interface, including
implementing all the optional interface elements listed for this service under item a) in
Subclause B.2.
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1B.4 Coordinate transformations

This subclause specifies a set of parameterized coordinate transformations for possible
implementation by the Ground Coordinate Transformation Service. The possible
parameterized coordinate transformation types shall include:

a) Affine

b) Ellipsoid To Geocentric
c) Geocentric To Ellipsoid
d) Abridged Molodenski
e) BursaWolf

f) Longitude Rotation

NOTEZ2 Thefollowing Parameterized Transformations are map projections. These map projections and
their parameters are all specified in the EPSG database.

g) Transverse Mercator

h) Transverse Mercator South Orientated
i)  Molodenski

]) Lambert Conformal Conic 1SP

k) Lambert Conformal Conic 2SP

[) Lambert Conformal Conic 2SP Belgium
m) Mercator 1SP

n) Mercator 2SP

0) Cassini Soldner

p) Oblique Stereographic

g) Polar Stereographic

r) New Zealand Map Grid

s) Hotine Oblique Mercator

t) Laborde Oblique Mercator

u) Swiss Oblique Cylindrical

v) Oblique Mercator

w) Tunisia Mining Grid
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Annex C
(normative)

DCP independent interface specification

1C.1 Introduction ‘

This annex specifiesin detail the general coordinate transformation interface,

independent of any specific Distributed Computing Platform (DCP). The architecture and
overview of this general interface is provided by Clause 5. This detailed specification is
provided in Unified Modeling Language (UML) notation, with the extensions specified in
Subclause 4.2.

The ground coordinate transformation service performs coordinate transformations
between many pairs of different ground coordinate reference systems. This service
defines five operations, and uses ground coordinates sets of contents, alternatives, and
options for Coordinate Reference System definitions and Transformation Definitions.
The following subclauses specify in detail the DCP-independent interface to a ground
coordinate transformation service.

This ground coordinate transformation service can support al the types of coordinate
reference systems listed in Subclause 5.2.2. For this ground coordinate transformation
service interface, the coordinate systems will often be well-known to both the server and
client software. For any coordinate system that is well-known, the Coordinate Reference
System definition need not include the full specification, but can be limited to only the
Identifier. This Identifier is defined to be sufficient to allow the server or client to obtain
more information from another source. This other source can be internal to the client or
server software, or can be a third party source such as a web site maintained by a
coordinate system definition authority.

This ground coordinate transformation service can also support al the types of
parameterized coordinate transformation listed in Subclause B.4. For this ground
coordinate transformation service interface, there will often be only one reasonable or
implemented coordinate transformation between the source and target coordinate

reference system. For example, this will occur if the source or target coordinate reference |
system identifies or implies the proper coordinate transformation. Even when there is

more than one available coordinate transformation between the source and target

coordinate reference systems, the client may not choose to specify which transformation |
isdesired. In both of these cases, the Transformation Definition transferred from client to
server shall be empty. Also, a Transformation Definition transferred from server to client
can be empty.

The constraints on the sequence of invoking various operations are specified in Subclause
C.3. The provided descriptions of the operations do not mention the conditions under
which execution of that operation will fail. These failure conditions and behavior are
discussed in Subclause C.4.
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1C.2 UML model

Figure C.1 contains the UML class diagram for the ground coordinate transformation
service, including all five specified operations.

NOTE This UML class diagram does not include the UML classes that could be used to describe the
contents of the XML or WKT character strings which are used to encode CoordinateReferenceSystem and
TransformationDefinition. The contents and options within these two character strings capture a significant
part of the complexity of this ground coordinate transformation service interface.

Only one object of this class is
used per server or per client,
and this object always exists

<<lInterface>>
GroundCoordinateTransformationService

‘transform(point : CoordinatePoint, transformation : TransformationID) : CoordinatePoint
‘transformList(points : PointList, transformation : TransformationID) : PointList
l"addTransformation(metadata : TransformationMetadata, format : TextFormat) : TransformationID
l"removeTransformation(transformation : TransformationID) : Null

‘transformationMetadata(transformation : TransformationID, format : TextFormat) : TransformationMetadata

<<DataType>>
PointList

&ipoints : Sequence<CoordinatePoint>

J

<<DataType>>
TransformationlD

dt ransformation : CharacterString

<<DataType>> <<DataType>> <<Codelist>>
CoordinatePoint TransformationMetadata TextFormat
_gapoint : Sequence<Double> _gasourceCsS : CoordinateReferenceSystem “eXML_1
itargetCs : CoordinateReferenceSystem “XML_2
“witransformation [0..1] : TransformationDefinition LGWKT 1
<<DataType>> <<DataType>>
CoordinateReferenceSystem TransformationDefinition
dcoordinateSystem : CharacterString «witransformation : CharacterString

Figure C.1— Ground coordinate transfor mation service class diagram

Rational Rose documentation produced from the above UML model is provided in the
following subclauses, one for each class shown in the diagram.
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1C.2.1 GroundCoordinateTransformationService interface class

Provides ground coordinate transformation services, to one or more clients. Only one
object of this classis used per server or per client, and this object always exists.

Public Operations:

ttransform (point : CoordinatePoint, transformation : TransformationlID) :
CoordinatePoint

Transforms multi-dimensional coordinates of one point, from the source coordinate
system to the target coordinate system. The Transformation ID input identifies the source
and target coordinate reference systems.

ItransformList (points : PointList, transformation : TransformationID) : PointList ‘

Transforms multi-dimensional coordinates of alist of zero or more points, from the
source coordinate system to the target coordinate system. The Transformation 1D input
identifies the source and target coordinate reference systems.

YaddTransformation (metadata : TransformationMetadata, format : TextFormat) : |
TransformationID

Gets the identifier of the coordinate transformation for the specified Transformation
Metadata. This metadata specifies the source and target coordinate systems, plusthe
selected transformation alternative and/or the specified transformation parameters. This
operation also uses a Text Format input that specifies the format used by the
Transformation Metadata input. If the source and target coordinate system definitions are
reversed in the input Transformation Metadata, the identifier of the inverse
transformation will be obtained, assuming the coordinate transformation is one to one.

IremoveTransformation (transformation : TransformationID) : Null ‘

Deactivates the specified coordinate transformation for a client, allowing the freeing of
Server resources.

ttransformationMetadata (transformation : TransformationID, format : TextFormat) |
: TransformationMetadata

Gets metadata defining the specified coordinate transformation, including metadata
defining the source coordinate reference system, target coordinate reference system, and
selected coordinate transformation alternative and/or specified transformation parameters.
This operation also uses a Text Format input that specifies the format to be used by the
Transformation M etadata output.

1C.2.2 CoordinatePoint data type class

Position of one point defined by list of values of one or more ordinates. The number of
ordinate values included in the list is the number of dimensions of the coordinate
reference system the point is defined in, either source or target coordinates.
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Public Attributes:

ipoint : Sequence<Double>

List of values of the ordinates of one point

1C.2.3 PointList data type class

List of the coordinates of zero or more points, normally used for one or more points. The
contents of this list are equivalent to a sequence of zero or more Coordinate Points. The
number of ordinate values included for each point must be the number of dimensions of
the one coordinate reference system that all the points are defined in, either source or
target coordinates. The same point coordinates can be repeated in thislist.

Public Attributes:
‘ ipoints : Sequence<CoordinatePoint>

List of coordinates of zero or more points, usually one or more points.
‘ 1C.2.4 TextFormat code list class
Code that identifies the format for the related Transformation M etadata.
Public Attributes:
IXML_1:
Code for first XML format. (This format has not yet been selected.)
IXML_2:
Code for second XML format. (This format has not yet been selected.)
IWKT 1:

Code for first Well Known Text (WKT) format. (This format has not yet been selected.)

1C.2.5 TransformationID data type class

Character string identifier of one specific coordinate transformation, from one source
coordinate system to one target coordinate system. All Transformation ID values must be
respected for the lifetime of a server object. A proper Transformation ID value is
obtained using the "getTransformation” operation.

Public Attributes:

ttransformation : CharacterString

|dentifier of one specific coordinate transformation, from one source coordinate system to
one target coordinate system. The format of this character string is arbitrary and chosen
by the server. The string contents are not interpretable by a client, and are not shared by
different server software.
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1C.2.6 TransformationMetadata data type class

Metadata for one specific coordinate transformation, including metadata for the source
coordinate reference system, the target coordinate reference system, and, when needed,
the transformation choice and/or transformation parameters. This metadatais all recorded
in the format specified by the value of the related Text Format.

Public Attributes:

isourceCS : CoordinateReferenceSystem

Definition of the source coordinate reference system, the system used by the coordinates
input to a coordinate transformation.

itargetCS : CoordinateReferenceSystem

Definition of the target coordinate reference system, the system used by the coordinates
output from a coordinate transformation.

Atransformation [0..1] : TransformationDefinition

Optional definition of one coordinate transformation, including specification of
transformation parameters and/or selection from transformation alternatives.

1C.2.7 CoordinateReferenceSystem data type class

Definition of one coordinate reference system, including the coordinate system
identification and/or its complete specification.

Public Attributes:

icoordinateSystem : CharacterString

Definition of a coordinate reference system, encoded in text using format specified by the
value of the related Text Format.

1C.2.8 TransformationDefinition data type class

Definition of one coordinate transformation, including the coordinate transformation
identification and/or its specification, but not including the definitions of the source and
target coordinate reference systems. For input to a server, this Transformation Definition
value will be empty when there is only one transformation between the two related
coordinate systems, or when a specific transformation is not selected by the client.

Public Attributes:
ttransformation : CharacterString

Definition of a coordinate transformation, encoded in text using format specified by the
value of the related Text Format.
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1C.3 Object state and operation sequence constraints

The ground coordinate transformation service object has no client-visible dynamic state
except the set of Transformation 1D values that are currently recognized by that object,
each ID with the corresponding Transformation Metadata. For each specific
Transformation 1D, the allowed sequence of invoking the various implemented
operationsis limited. Specifically, for each specific Transformation ID:

a) TheaddTransformation operation must first be invoked and completed, to obtain a
valid value for the Transformation I1D.

b) When implemented, the removeT ransformation operation must be invoked last, and
will make that Transformation ID invalid.

c) All other implemented operations can each be invoked at any time, in any order, after
the corresponding addTransformation operation is completed and before the
corresponding removeT ransformation operation is invoked.

1C.4 Failure conditions and exceptions

The operation descriptions provided above do not specify the conditions under which
each specified operation can fail, and thus not produce correct outputs. These failure
conditions and behavior are discussed in this subclause. In general, the occurrence of any
failure condition will produce the normal failure behavior of the DCP. For example, for a
DCP that supports exceptions (such as CORBA), the failure behavior will be to throw an
exception. A variety of exceptions are used, that mean:

a) Invalid input argument:

1) Oneor moreinput point coordinates (in a Coordinate Point or a Point List) are
not within the valid range of the (corresponding) specified coordinate
transformation.

2) One or more input point coordinates have the wrong number of dimensions for
the source coordinate reference system, specified in the {corresponding}
Transformation ID value.

b) Capahility not supported by this server implementation:
1) Operation called is not implemented by this server.
2) Input Transformation ID valueis not (currently) supported by this server.

3) Coordinate transformation identified, in Transformation Metadata input, is not
supported by this server.

4) Source or target coordinate reference system identified, in Transformation
Metadata input, is not supported by this server.

5) Input Text Format value is not supported by this server, for the related
Transformation Metadata input or output.
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6) Some required external resource is not currently available to this server.
¢) Computation problems:

1) Some computation error occurred during processing.
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Annex D
(normative)

CORBA interface profile

D.1 Introduction

This annex specifiesin detail the CORBA profile of the general coordinate
transformation interface. This CORBA profile is based on the DCP independent interface
specification in Annex C. This Annex D includes a copy of some of the text in Annex C,
but not all. In particular, Subclause C.3 isnot copied in Annex D, but is normative for
this CORBA profile.

This profile includes some details and variations that depend on the CORBA Distributed
Computing Platform (DCP). The architecture and overview of this CORBA profileis
discussed by Subclause 6.2. This detailed specification is provided in the ISO/OMG
Interface Definition Language (IDL) notation, as specified in I SO/IEC 14750.

iD.2 CORBA IDL

/1 Modul e: G ound Coordinate Transformation

/!l Function: The G ound Coordi nate Transformati on Service

11 perfornms coordinate transformati ons between many pairs of
11 di fferent ground coordinate systens.

/1 Uses nodul es: None

/1l Shared data type definitions:

/| Data Type: Coordinate Point: Position of one point defined by

/1 list of values of one or nore ordi nates. The nunber of
/1 ordinate values included in the list is the nunber of
11 di mensi ons of the coordinate reference systemthe point
/1 is defined in, either source or target coordi nates.

t ypedef sequence <doubl e> Coor di nat ePoi nt ;

/1 Data Type: Point List: List of the coordinates of zero or

11 nore points, normally used for one or nore points. The

11 contents of this list are equivalent to a sequence of zero
11 or nore Coordinate Points. The nunber of ordinate val ues
11 i ncl uded for each point nust be the nunber of dinensions
11 of the one coordinate reference systemthat all the

11 points are defined in, either source or target

11 coordi nates. The sane point coordinates can be repeated

11 inthis list.

t ypedef sequence <Coordi nat ePoi nt > Poi nt Li st ;
/1 Data Type: Transformation ID: Character string identifying one

/1 specific coordinate transformation, from one source
11 coordi nate systemto one target coordi nate system All
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Transformati onl D val ues nust be respected for the
lifetime of a server object. A proper TransformationlD
val ue is obtained using the "get Transformati on"
operation. The format of this character string is
arbitrary and chosen by the server. The string contents
are not interpretable by a client, and are not shared by
different server software.

typedef string Transf or mat i onl D;

Data Type: Coordi nate Reference System Definition of one
coordi nate reference system including the coordinate
systemidentification and/or its conplete specification.
This definition is encoded in text using the format
specified by the value of the related Text Format.

typedef string Coor di nat eRef er enceSyst em

Data Type: Transformation Definition: Definition of one
coordi nate transformation, including the coordinate
transformation identification and/or its specification, but
not including the definitions of the source and target
coordi nate reference systens. For input to a server, this
Transformation Definition value will be enpty when there is
only one transformati on between the two rel ated coordi nate
systens, or when a specific transformation is not sel ected
by the client. This definition is encoded in text using the
format specified by the value of the related Text Fornat.

typedef string Transformati onDefinition;

Data Type: Transformati on Metadata: Metadata for one specific
coordi nate transformati on, including netadata for the
source coordi nate reference system the target reference
coordi nate system and, when needed, the transformation
choi ce and/or transformation paraneters. This netadata is
all recorded in the format specified by the value of the
rel ated Text Format.

struct Transfornmati onMetadata {

Coor di nat eRef erenceSystem  sour ceCS
Definition of the source coordinate reference system
the system used by the coordinates input to a
coordi nate transformation

Coor di nat eRef erenceSystem targetCS
Definition of the target coordinate reference system
the system used by the coordinates output froma
coordi nate transformation

Transformati onDefinition transformation;
Optional definition of one coordinate transformation
i ncluding specification of transformation paraneters
and/or selection fromtransformation alternatives.

H
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/'l Exception definitions:
/1 Al'l specified operations can raise the same set of three use-

11 speci fic exceptions specified below In addition, al

11 operations can rai se any CORBA defined standard exception
11 The CORBA standard exceptions take precedence over these
11 use-speci fic exceptions.

/'l Type: Exception Body: Contains information describing a
11 rai sed exception
struct ExceptionBody {
string excepti onType;

11 Cont ai ns standardi zed, user-understandabl e text uniquely
11 identifying this type of error.
string user Error Message;
/1 Cont ai ns non-st andar di zed, user-under st andabl e t ext
11 further describing the specific error condition
11 detected. This information is likely to pinpoint the
11 error, and m ght include the name of the operation
string user Recover yMessage;
/1 Cont ai ns non-st andar di zed, user-under st andabl e t ext
11 suggesting error recovery nethods. This string can be
11 enpty, when no information is available. This string
11 can include a URL for obtaining nore information
string devel oper Err or Message;
/1 Cont ai ns non-st andar di zed, user-under st andabl e t ext
11 providing nore detail of possible use to software
/1 devel opers and testers, for client and server
11 software. This information is likely to pinpoint the
I point in the server inplenentation software where the
11 error was detected. This string can be enpty, when no
11 information is available. This string can include a
11 URL for obtaining nore information
b
/'l Exception: Invalid Input: Exception raised when any input
11 provided to the operation was not correct, and the called
11 operation thus could not be conpl eted.

exception Invalidlnput {ExceptionBody exceptionText;};

/1l Standard values for Invalid I nput exceptionType:
const string Qut O Range =
“One or nore input point coordinates are not within valid domain of
specified coordinate transformation.”;
const string W ongDi nensi ons =
“One or nore input point coordinates have different nunber of
di mensi ons than specified source coordi nate system”;
const string O her I nput Error =
“Sonme other input error was detected.”;
/1l For the Invalid | nput exception, the userErrorMssage contains
11 text providing information such as which inputs are not
11 correct or are inconsistent.
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/| Exception: Not Supported: Exception raised when any requested
11 capability is not supported by this server, and the called
11 operation thus could not be conpl eted.

exception Not Supported {Excepti onBody exceptionText;};

/1l Standard val ues for Not Supported exceptionType:
const string Oper ati onNot | npl enent ed =
“Operation called is not inplenented by this server.”;
const string Transf or mat i onl dNot Support ed =
“One or nore input TransformationlD value is not (currently)
supported by this server.”;
const string Transf or mat i onNot Support ed =
“Specified coordinate transformation is not supported by this
server.”;
const string Coor di nat eSyst emNot Support ed =
“Speci fied source and/or target coordinate systemis not supported
by this server.”;
const string Text For mat Not Support ed =
“Input Text Format value is not supported by this server.”;
const string Resour ceNot Avai | abl e =
“Sonme required external resource is not available to thIS server.
const string O her Not Suppoprt ed =
“Sonme ot her non-supported capability was needed.”;
/'l For the Not Supported exception, the userErrorMessage contains

11 text providing information such as which operation
/1 transformation, coordinate system format, or resource is
11 not (currently)supported.

/'l Exception: Conputation Problem Exception raised when any
11 conput ati on or other problemwas detected, and the called
11 operation thus could not be conpleted.

excepti on Conputati onProbl em { Excepti onBody exceptionText;};

/1 Standard val ues for Conputation Problen1except|onType

const string O her Conput at i onErr or =
“Some ot her conputation error was detected.”;
/'l For the Conputation Problem exception, the userErrorMessage
11 contains informati on such as how the conputation failed
11 (for exanple, iteration did not converge)

/1 End of exception definitions.

/1l End of shared data type definitions

/1 Begin nodul e: Ground Coordinate Transformation
nmodul e G oundCoor di nat eTransformati on {
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11

11

11

11
11
11
11
11

11
Il
11

Local data type definitions:

Code List: Text Format: Code that identifies the format for
the related Transformati on Met adat a.
typedef string Text For mat ;
Character string encoding of format code.
Code for first XM format.
const string XM__1 = “XM__1";
Code for second XM fornmat.
const string XM__2 = “XM__2";
Code for first Well Known Text (VKT) fornmat.
const string WKT_1 = “WKT_1";

End of |ocal data type definitions.

I nterface: G ound Coordi nate Transformati on Service

Function: Provides ground coordinate transformati on services,
to one or nore clients. Only one object of this class is
used per server or per client, and this object always
exi sts.

Concrete, inplenmented interface cl ass.
O her interface objects used: None
I nherits interfaces: None

i nterface G oundCoordi nateTransformati onServi ce {

11
11

11
11
11
11
11

11
11
11
11
11
11
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Public Attributes: None
Publ i ¢ Operations:

Operation: Transform

Function: Transforms mnulti-di nensi onal coordi nates of one
point, fromthe source coordinate systemto the target
coordi nate system The TransformationlD input identifies
the source and target coordinate reference systens.

void transform (
i n Coor di nat ePoi nt i nput Poi nt,
in Transformationl D transformati on,
out Coor di nat ePoi nt out put Poi nt)
rai ses (Ilnvalidlnput, NotSupported, ComputationProblem;

OQperation: Transform Li st

Function: Transforms nulti-di mensional coordinates of a |ist
of zero or nore points, fromthe source coordi nate system
to the target coordinate system The Transformati onl D i nput
identifies the source and target coordi nate reference

syst ens.
void transfornlist (
i n PointList i nput Poi nt s,
in Transformationl D transformati on,
out Poi nt Li st out put Poi nt s)
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rai ses (Ilnvalidlnput, NotSupported, ComputationProblem;

Operation: Add Transformation

Function: Gets the identifier of the coordinate transformation
for the specified Transformati on Metadata. This metadata
specifies the source and target coordinate reference
systens, plus the selected transformation alternative
and/or the specified transformati on paranmeters. This
operation al so uses a Text Format input that specifies the
format used by the Transformation Metadata input. If the
source and target coordinate reference systens are reversed
in the input Transformation Metadata, the identification of
the inverse transformation will be obtained, assum ng the
coordinate transformation is one to one.

voi d addTransformation (
in Transformti onMet adat a met adat a,
i n Text For mat f or mat ,
out TransformationlD transformati on)

rai ses (Ilnvalidlnput, NotSupported, ComputationProblem;

Operation: Renove Transformation
Function: Deactivates the specified coordinate transformation
for a client, allowing the freeing of server resources.
voi d renoveTransformtion (
in Transformati onl D transformati on)
rai ses (Ilnvalidlnput, NotSupported, ComputationProblem;

Operation: Transformation Metadata

Function: Gets netadata defining the specified coordinate
transformati on, including netadata defining the source
coordi nate reference system target coordinate reference
system and sel ected coordinate transformation alternative
and/ or specified transformati on paraneters. This operation
al so uses a Text Format input that specifies the format to
be used by the Transformati on Metadata output.

void transfornmati onMetadata (
in Transformationl D transformati on
i n Text For mat f or mat

out Transformati onMet adat a nmet adat a)
rai ses (Ilnvalidlnput, NotSupported, ComputationProblem;

[/ End of interface: G ound Coordi nate Transformation Service

/! End of nodul e: G ound Coordi nate Transfornmation
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Annex E
(normative)

DCOM interface profile

TBD
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Annex F
(normative)

XML contents and for mats

1F.1lIntroduction ‘

This annex specifies the XML contents and format used by the specified coordinate
transformation interfaces, including the many contents alternatives and options. These
XML formats provide for the transfer of Coordinate Reference System definitions and
Coordinate Transformation Definitions. The same XML formats are used by all DCP-
specific profiles, of the general DCP-independent interfaces. Some XML capabilities are
optional implementation, as specified in Subclause B.2.

These XML contents, alternatives, and options are a profile or modified subset of the
OGC standard definition data XML now proposed in OGC document 01-014. Some
elements and attributes of that proposed OGC standard XML are omitted here, because
they are not useful in these coordinate transformation interfaces.

These XML formats are now stated in the form of XML DTDs. In future revisions, these
DTDs are likely to be converted to XML Schema. The current XML DTDs are written as
external DTDs that are not included with actual XML data. Each DTD includes extensive
comments to explain the actual XML data, using aformat that we find useful. These
DTDs are currently written such that they must all be included in one DTD file. These
DTDs are written for XML version 1.0. For uncertain points, this draft usesthe
abbreviation “TBR” for “To Be Reviewed” and “TBD” for “To Be Determined”.

This document specifies standard XML in three parts, for representation of:

a) Coordinate Transformation Definition, including Coordinate Transformation
Metadata

b) Coordinate Reference System definition, used by above
c) Shared Elements, shared by both above

These three parts are presented in the following subclauses. For each part, a commented
XML DTD is given. Since the extensive comments included in the commented XML
DTDs make it difficult to quickly scan these DTDs, these DTDs are repeated in Annex G
(informative) with all comments removed.

NOTE 21 Thisinformation was copied from OGC document 01-014, and should be updated when |
improvements are made to that document. The information copied does not include the XML elements that
are not considered needed in this Implementation Specification, as summarized in Subclause G.1
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1F.2XML DTDs for coordinate transformation definition

This subclause presents the commented XML DTDs used for transfer of a Coordinate
Transformation Definition or Coordinate Transformation Metadata. The Coordinate
Transformation Definition XML element, with all needed components, shall be used for a
the Coordinate Transformation Definition data type in the Ground Coordinate
Transformation Service UML model. Alternately, the Coordinate Transformation
Metadata XML element, with all needed components, shall be used for a complete
Transformation Metadata data type in the UML model.

<?xm version=*1.0" encodi ng="UTF- 8" ?>
<l-- Version 0.0 of XM_ DTD for Coordinate Transformations. This
DTD uses XM. el enents that are specified in other DIDs. -->

<l -- Expected usage: Either the Coordinate Transformation
Met adata or Coordinate Transformation Definition can be directly
used under different circunstances:

The Coordi nate Transfornati on Metadata el enent shoul d be used
when definitions of both the source and target coordi nate
reference systens are included. In that case, the Coordi nate
Transformati on Definition conponent elenent is optional.

The Coordinate Transformation Definition el enment should be
directly used when the source and target coordi nate reference
systens are NOT included. This el enment could thus be used in
the current “low | evel” Coordinate Transformation Services
interface specification.

-->

<!-- Coordinate Transformati on Metadata: Metadata for one
specific coordinate transformation, including definitions of the
source coordi nate reference system target reference coordinate
system and coordi nate transfornmati on paraneters and/ or
transformati on choice. Al of this netadata can be recorded in
this XML format. The source and target coordi nate reference
systens can each be for any nunber of axes or ordinates included
in the coordinates of a point, fromone to four or nore axes.

The Coordi nate Transformati on Met adata data cont ai ns:

Sour ce Coordi nate Reference System The source coordi nate
reference systemfor this transformati on, including the
coordinate reference systemidentification and/or its

conpl ete specification. This Source Coordi nate Reference
Systemis used by the input point coordinates to a coordinate
transformation.
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Target Coordi nate Reference System The target coordinate
reference systemfor this transformati on, including the
coordinate reference systemidentification and/or its
compl ete specification. This Target Coordi nate Reference
Systemis used by the output point coordinates froma
coordi nate transformation

Coordi nate Transformati on Definition: One coordinate
transformati on, including specification of transformation
paranmeters and/or selection fromtransformation alternatives.
This definition includes the transformation identification
and/or its specification, but not the definitions of the
source and target coordinate reference systens. This
Transformation Definition is optional, included only when
needed or useful. For exanple, for input to a coordinate
transformati on server, this Coordi nate Transfornmati on
Definition can be onmtted when the server software does not
require this information
-->
<I ELEMENT Coor di nat eTr ansf or nati onMet adata (
Coor di nat eRef er enceSyst em
Coor di nat eRef er enceSyst em
Coor di nat eTransformati onDefinition?) >

<! — Coordinate Transformation Definition: Definition of one
coordi nate transformati on, including the coordinate
transformation identification and/or its specification, but not
including the definitions of the source and target coordinate
systens. This transformati on can be for any nunber of axes or
ordinates included in the coordinates of a point, fromone to
four or npre axes.

The Coordi nate Transformati on Definition data contains:

Nane Set: Set of one or nore human under st andabl e nanes for
this coordinate transformation. This Nane Set is optional,
but usually should be included as di scussed for the Nane Set
el enent .

Identifier: Unique identifier used by software for this
coordinate transformation. Either this lIdentifier or the
foll ow ng Coordi nate Transformati on Specification nust be
i ncluded. Both can be included if useful, as discussed for
the ldentifier el enent.

Coordi nate Transformati on Specification: Detailed
specification of this specific coordinate transformation
between the rel ated source and target coordinate reference
systens. This Coordinate Transformati on Specification data
i ncl udes:
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>

Source Dinensions: Positive integer nunmber of dinensions
in a source coordinate reference systemto which this
transformati on can be appli ed.

Target Dinensions: Positive integer nunber of dinmensions
in a target coordinate reference systemthat this
transformati on can produce.

Validity Region: Description of the region of validity of
this coordinate transformation, in the source coordi nate
references system This data is optional, included
whenever the region of validity is known and can be
useful ly represented.

Transformati on Type Specification: Specification of one
of a set of alternative types of coordinate
transformati on.

current coordinate transformati on types are:

Concat enated Transformation: Specification of a coordinate
transformati on that sequentially applies two or nore other
transformations.

I nverse Transformation: Specification of a coordinate
transformation that is the i nverse of another transformation

Pass Through Transformation: Specification of a coordinate
transformati on that transforns only a subset of the

ordi nates, and passes the remai ning ordi nates unchanged. The
nodi fied ordinates are transforned by a referenced Coordi nate
Transformati on.

Par anmet eri zed Transformation: Specification of a coordinate
transformation that is defined by a specified transformation
type and set of paraneters.

<I ELEMENT Coor di nat eTransfornmati onDefinition (

NanmeSet ?,
(ldentifier
| (sourceD nensions,
t ar get Di nensi ons,
Val i di t yRegi on?,
( Concat enat edTr ansf or mati on
| I'nverseTransformation
| PassThroughTransfornmation
| ParaneterizedTransformation),
Identifier?) ) ) >

<l ELEMENT sour ceD nensi ons (#PCDATA) >
<I ELEMENT t ar get Di nensi ons (#PCDATA) >
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<I-- Concatenated Transformation: Specification of a coordinate
transformati on that sequentially applies two or nore other
coordinate transformati ons. The target coordi nate reference
systemfromthe first coordinate transformati on nmust be the
source coordinate reference systemto the second coordinate
transformation, and so forth. This restriction hol ds whet her or
not those target and source coordinate reference systens are
explicitly defined. (Anbng other things, the nunber of dinensions
of the output coordinate systemfromthe first transformation
must match the nunber of di nension of the input coordinate to the
second transformation, and so forth.)

The Concat enated Transfornmati on data contains:

Li st of Coordinate Transformation Definitions: Ordered |ist
of the two or nore individual coordinate transformations that
are conbined in this Concatenated Transformati on. The order
of listing is the order of transformation application, to go
fromthe associated source to the associated target
coordi nate reference systens.

-->

<I ELEMENT Concat enat edTr ansformati on (

Coor di nat eTransformati onDefinition+) >

<I-- Inverse Transformation: Specification of a coordinate
transformation that is the inverse of another coordinate
transformation. That is, this inverse transformation transforns
coordinates in the opposite direction between the sane two
coordi nate reference systens. (Note: The Inverse Transformw ||
not exist if the referenced coordinate transformation is not one
to one. All map projections should succeed.)

The I nverse Transformati on data contains:

Coordi nate Transformation Definition: Definition of the
coordinate transformation that is inverted (or reversed) by
this Inverse Transformation.
-->
<I ELEMENT | nver seTransformati on (
Coor di nat eTr ansf ormati onDefi nition) >

<!-- Pass Through Transformation: Specification of a coordi nate
transformati on that transforns only a subset of the ordinates,
and passes the remai ni ng ordi nat es unchanged. The ordi nates that
are nodi fied are transformed by a referenced Coordinate
Transformati on. One mgj or use of a Pass Through Transformation is
transform ng one conponent of a conpound coordi nate system
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Anrother—An exanple: |If you have (Latitude, Longitude, Height)
coordinates, this transformation allows converting the Hei ght
values fromneters to feet, without affecting the Latitude
and Longitude values. Alternately, this transformation all ows
converting the Latitude and Longitude val ues from degrees to
radi ans, w thout affecting the Height value. O course,

ei ther of these physical Unit conversions could alternately
be done using a degenerate affine Paraneterized
Transformati on. Note that in such a unit conversion, two
coordi nate reference systens are involved: the source CRS
(with the original unit) and the target CRS (with the target
unit). Both of these CRSs shall be referenced in the

Coordi nate Transformati on Metadata, when that XM. elenent is
used.

The Pass Through Transformati on data contai ns:

Coordi nate Transformation Definition: Definition of the base
coordinate transformation that is used by this Pass Through
Transformation to transformthe coordi nate axes that are
nodi fi ed.

First Modified Ordinate: Positive integer index to the first
ordinate to be transfornmed by the identified coordinate
transformation.

Nurmber Modified Ordinates: Positive integer nunber of
di nensions to be transfornmed by the identified coordinate
transformati on.
-->
<! ELEMENT PassThroughTransformation (
Coor di nat eTransf ormati onDefini ti on,
firstMdifiedO di nate,
nunber Modi fi edOr di nates) >
<! ELEMENT firstMdifiedOdinate (#PCDATA) >
<I ELEMENT nunber Modi fi edOr di nat es (#PCDATA) >

<l-- End of XM. DITD for Coordi nate Transformation Definition -->
<l-- Version 0.0 of XM. DID for Paraneterized Transfornmation
definition. This DID uses XM. elenents that are specified in

ot her DTDs. -->

<I-- Paraneterized Transformation: Specification of a coordinate
transformation that is defined by a specified transformation
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met hod plus the set of paraneter values needed by that
transformati on nethod. Each paraneter is recorded with its nane,
val ue, and physical unit when applicable.
Not es: The nunber of di nensions of the target coordinate
systemis always equal to or |ess than the nunber of
di mensi ons of the source coordinate system The specified
coordinate transformation should be one-to-one within the
domai n of the source coordinate system

The Paraneterized Transformati on data contai ns:

Transformati on Method: ldentification of the method used by
this Paraneterized Transformation.

Li st of Paraneters: Unordered |list of the zero or nore
paraneters that define the specific coordinate transformation
of the associated transformati on net hod.
-->
<l ELEMENT Par anet eri zedTransformati on (
Tr ansf or mat i onMet hod,
Par aneter*) >

<l-- Paraneter: Data structure containing the name and val ue of
one coordinate transformati on or map projection paraneter. The
Paramet er data contains:

Code Nane: Character string name or identifier of this
transformati on paranmeter. This name inplies the required type
of the paraneter value. This Code Name should not specify or
inmply the units used; the units used shall be specified in

t he associated Unit elenment. The valid Code Nanes are defined
by the associ ated Transformati on Met hod, including the nmethod
Identifier. This nane should be a standard, w del y-used

par anet er nane whenever applicable.

Val ue: Value of this transformation paraneter, often a double
precision floating point nuneric value. However, a paraneter
value can alternately be an integer, string, boolean, |ist of
integers, or list of double precision floating point val ues.

Unit: Physical unit used for this paraneter value. This unit

can be either a Linear or Angular unit. This data is

optional, but should be included whenever applicable.
The value Unit is variable for some paraneter Code Nanes
for sonme Transformati on Met hods, and the actual Unit used
by the value nmust be specified. The value Unit is fixed
for other parameter Code Names for sonme Transformation
Met hods, but the actual unit should be included for human
under st andi ng and/or software checking. There is no
appl i cabl e physical unit for sonme paraneter Code Nanes
for sonme Transformati on Methods, and the Unit data is
then omtted.
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-->
<! ELEMENT Par aneter (
codeNane,
val ue,

(LinearUnit | AngularUnit)? ) >
<! ELEMENT codeNanme  (#PCDATA) >
<! ELEMENT val ue (#PCDATA) >

<l-- Transformation Method: Identification of the method used by
a Paraneterized Transformation.

The Transformati on Met hod data cont ai ns:

Nane Set: Set of one or nore human under st andabl e nanes for
this Transformati on Method. This Name Set is optional, but
usual Iy shoul d be included as discussed for the Nane Set

el enent .

Identifier: Unique identifier used by software for this
Transformati on Met hod.
-->

<! ELEMENT Tr ansformati onMet hod (
NanmeSet ?,
Identifier) >
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<l-- End of XM. DID for Parameterized Transformation -->

1F.3XML DTDs for coordinate reference system definition

This subclause presents the commented XML DTDs used for transfer of a Coordinate
Reference System definition. The Coordinate Reference System XML element, with all
needed components, shall be used for a Coordinate Reference System data type in the
Ground Coordinate Transformation Service UML model.

<I-- Version 0.0 of XM. DID for Coordi nate Reference System
definition. This DID uses XM. elenents that are specified in
ot her DIDs. -->

<I-- Coordinate Reference System Definition of one Coordinate
Ref erence System (CRS), including the systemidentification and
possibly its conmplete specification. This eeoerdinate reference
systenCRS ean—defines a coordi nate space having any nunber of
di mensi ons, fromone to four or nore di nensions. The coordi nate
space axes can include fromone to three spatial axes.

The Coordi nate Reference System data contai ns:
Name Set: Set of one or nore human under st andabl e nanes for
this Coordinate Reference System This Nane Set is optional,
but usually should be included as di scussed for the Nane Set
el ement .

Identifier: Unique identifier used by software for this
Coordi nate Reference System Either this lIdentifier or the
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foll ow ng Coordi nate Reference System Specification nust be
i ncluded. Both can be included if useful, as discussed for
the ldentifier el enent.

Coor di nate Reference System Specification: Detailed
specification of this coordinate reference system This
speci fication data contai ns:

Coordi nate System Definition: Definition of the set of
coordi nate axes used to record point coordi nates based on
t hi s Coordi nate Reference System

Validity Region: Description of the region of validity of
this coordinate system This data is optional, included
whenever the region of validity is known and can be
useful ly represented.

Coor di nate Reference System Type Specification
Speci fication of one of a set of alternative types of
coordi nate reference systens.

current alternative-coordi nate reference systemtypes are:

Conpound Ceerdi-nate—SystenCRS: Specification of a coordinate

reference systemthat conbines two or nore sinpler coordinate
ref erence systens.

Ceocentri c CartesianCoordinate SystenCRS: Specification of a

3D Cartesian coordinate reference systemwith its origin at
the (approximate) center of the Earth.

Geogr aphi ¢ 3D Ceerdinate—SystenCRS: Specification of a 3D
coordi nate reference system based on Latitude and Longitude
position around an ellipsoid that approximtes the shape of
the Earth. The third dinmension is height above or bel ow the
el lipsoid surface.

Geogr aphi ¢ 2D Ceerdinate—SystenCRS: Specification of a 2D
coordi nate reference system based on Latitude and Longitude
position around an ellipsoid that approximtes the shape of
the Earth.

Proj ect ed Coordinate SystenCRS: Specification of a 2D
Cartesian—nmap coordi nate reference system derived froma

CGeogr aphi ¢ 2D CoerdinateSystenCRS by applying a “nmap

projection” paraneterized coordinate transformation.

Local GCeerdinate—SystenCRS: Specification of a coordinate

reference systemthat is defined for and usually used in a

limted region. The origin of a Local Ceerdinate SystenCRS

m ght or mght not have a specified (or known) position in
geodeti c coordi nates.
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Vertical Ceerdinate SystenCRS: Specification of a 1D

coordi nate reference systemused for elevation, depth, or
hei ght measur enents.

: , : :
Note:—Software +Aplenenters fay notice thatthe coordinate
|?Ie:enee S?fFe“'preﬁ I'Stedlébe“e cah bf ?'ered by—stm-arity

-->

<! ELEMENT Coor di nat eRef er enceSystem (
NanmeSet ?,
(ldentifier

| (Coordi nat eSystenDefinition
Val i di t yRegi on?,
( CompoundCee+di-nateSystem-CRS
| GCeeecentrieCartestanGeocentri cCoordinateSystemCRS
| Geographi c3dCeerdinateSystem-CRS
| Geographi c2dCeerdinateSystem-CRS
|  Project edCoordi-nateSystem-CRS
| Local CoerdinateSystem-CRS
| Verti cal CRSCoerdi-nateSysten,
I

dentifier?) ) ) >

<!-- Coordinate System Definition: Definition of the set of
coordi nate axes used to record point coordinates in a Coordinate
Ref erence System This definition includes the name, direction
unit, and sequence of each axis. The nunber of axes should equal
t he nunber of dinmensions in the Coordi nate Reference System
space, and not contain duplicate or redundant axes.

Note that this Coordinate System Definition can specify a

different axis order and/or different axis units than normally

used by the associated type of Coordinate Reference System Al so, |
this Coordinate System Definition can omt one or nore of the

axes normally used by the associated type of Coordinate Reference |
System

The Coordi nate System Definition data contains:
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Nane Set: Set of one or nore human under st andabl e nanes for
this set of coordinate axes. This Nane Set is optional, but
usual Iy shoul d be included as discussed for the Nane Set

el enent .

Identifier: Unique identifier used by software for this set
of coordinate axes. Either this Identifier or the follow ng
Coordi nate Axes Specification nust be included. Both can be
included if useful, as discussed for the lIdentifier elenent.

Coor di nate Axes Specification: Specification of this set of
Coordi nate Axes. This specification data contains:

D nensi ons: Positive integer nunmber of coordi nate axes
(or dinensions) in this coordinate reference system

Li st of Coordinate Axes: Ordered |list of one or nore
definitions of the axes of this coordinate system These
Coordi nate Axis descriptions are ordered to match the
order of the axes values in point coordinates.

-->
<! ELEMENT Coor di nat eSystenDefinition (
NanmeSet ?,
(ldentifier

| (dinmensions,
Coor di nat eAxi s+
Identifier?) ) ) >
<l ELEMENT di nensi ons (#PCDATA) >

<l-- Coordinate Axis: Definition of one axis or ordinate of a
coordi nate system The Coordinate Axis data contains:

Axi s Nane: Human understandable text name of this axis or
ordinate. This name can al so be used by software, to match
the sane axis nanes. This name can be omtted if no useful
axis nane i s defined. This axis nane should be a standard,

wi del y-used nanme whenever applicable. This axis nane shal

not specify or inply the units used; the units used shall be
specified in the associated Unit el enent.

Axi s Abbreviation: Human understandabl e text abbrevi ated nane
of this axis or ordinate. If unique abbreviations are used,
this abbreviation can al so be used by software, to match the
same axi s names. This abbreviation can be omtted if no
useful axis nane abbreviation is defined.

Axis Direction: Text specifying the direction of nore-
positive values along this axis or ordinate. This text should
be one of a standard set of direction nanes whenever
appl i cabl e, but other values can be used when needed. The
currently defined axis direction nanmes are:
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North: Toward the North Pole, along the surface of the
ellipsoid or the map pl ane, precisely or approximtely.

East: Toward the East, along the surface of the ellipsoid
or the map pl ane, precisely or approximtely.

Sout h: Toward the South Pole, along the surface of the
ellipsoid or the map pl ane, precisely or approxi mtely.

West: Toward the West, along the surface of the ellipsoid
or the map pl ane, precisely or approximtely.

Prime Meridian: Toward the Prime Meridian, to be used for
the X axis of a geecentriec—Ceocentric Cartesian

Coordinate—SystenCRS.

Up and Down: Directions to be used for a vertica
coordinate. Wiile the north, south, east, and west
directions are intended to be close to the geodetic
directions, the up and down directions can be nore
flexible. An axis that begins obliquely dowward can be
said to be positive “down” (or positive “up”, depending
on how the axis is defined). This is useful, for exanple,
with wells. Depths of a well are often neasured al ong the
wel | bore path. Since the wellbore path can becone highly
oblique — even horizontal, and at tinmes, decreasing in
true vertical depth — it is inportant that the concept of
“down” not be restricted to increasing true vertical
depth. In this case, the concept of “down” neans that the
measurenment increases with increasing distance fromthe
wel | reference point.
A nore precise definition of the up and down
directions that fits many cases is as follows.
Consider the unit vector fromthe vertical reference
point to the center of the earth. Consider also the
unit tangent vector of the axis at the reference
point, pointing in the direction of increasing
values. |If the dot product of these two vectors is
positive, the direction is “down.” If negative, the
direction is “up.” If zero, the axis is horizontal
and shoul d not be considered to be a vertical axis.
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O her: Any axis direction not described by one of the
ot her standard Axis Direction nanmes, and not described by
usi ng a non-standard Axis Direction nane.

Unit: Physical unit used for ordinate values of this axis.
This unit can be either a Linear or Angular unit. Note that
the Unit types nust be consistent with the type of the
associ ated coordi nate reference system For exanple, a

CGeogr aphi cal 2D Coerdinate SystenCRS uses only Angular Units,
and a CGeocentric CartesianCoordinate SystenCRS uses only

Li near Units.

-->
<I ELEMENT Coor di nat eAxi s (

axi sNane?,

axi sAbbrevi ati on?,

axi sDirection

(LinearUnit | AngularUnit) ) >
<! ELEMENT axi sNane (#PCDATA) >
<I ELEMENT axi sAbbrevi ati on (#PCDATA) >
<I ELEMENT axi sDirection (#PCDATA) >

| <!'-- Conpound Geerdinate—SystenCRS: Specification of a coordinate

reference systemthat conbines two or nore sinpler coordinate
reference systens. None of the sinpler coordinate reference
systens can itself be conpound. (FBR)} In general, a conpound
coordi nate system could contain any nunber of axes.

————ene—eF—ﬁBfe—ei—;he—a*es—+n—%he—Hﬂde#+y+ﬂg—eee#d¥nake—sys%eﬁs

For spatial coordinates, a nunber of constraints exist for the
| construction of a Ceonpound eeerdinate——systenCRSs. For exanpl e,

t he coordi nate reference systens that are conbi ned shoul d not
contain any duplicate or redundant axes. Valid conbinations
i ncl ude:

Geographic 2D + Verti cal

Geographic 2D + Local 1D (near vertical)

Projected + Verti cal

Projected + Local 1D (near vertical)

Local (horizontal 2D or 1D linear) + Vertica

| The Conpound Ceerdi-nate—SystenCRS data contai ns:

Li st of Coordi nate Reference Systens: Ordered |list of the two
or nore individual coordinate reference systens that are

| conbi ned in this Conpound Ceerdinate—SystenCRS

>

| <! ELEMENT ConpoundGee+di-nateSystem-CRS (

Coor di nat eRef er enceSyst emt) >
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<I-- Geocentric Cartesian—Coordinate—SystenCRS: Specification of
a 3D Gartesian—coordinate reference systemwith its origin at an

approxi mation to the center of the Earth. This can only be a
Cartesian coordi nate system for which the axes are conmonly
nanmed Geocentric X, Geocentric Y and Geocentric Z. The X and Y
axes lie in the equatorial plane, with the positive X axis
intersecting the prime nmeridian. The positive Y-axis direction is
obtai ned by rotating the positive X-axis by 90 degrees counter-

cl ockwi se when viewed fromthe northern hem sphere. The Z axis is
per pendi cul ar to the equatorial plane, with its positive half
intersecting the ellipsoid’ s North Pole and thus conpleting a

ri ght-handed 3D Cartesi an coordi nate system Each associ ated
Coordi nate Axi s nust have a Linear Unit.

The Ceocentric Cartesian Coerdi-hate—SystenCRS data contai ns: |

Geodetic Datum The geodetic datumthat specifies where—the
center—origin and orientation of the Earthi+scoensideredte
be—tn-athis Geocentric Coerdinate SystenCRS—all—coordinate

pothrts—arermeasuredtromthe center—ofthe EFarth{not—=along
or—trom-the et t+psordal—earth surfacer.
-->

<l ELEMENT GeecentriecCartestanGeocentri cCoordinateSystem-CRS ( |
Geodeti cDatum >

<I-- Geographic 3D Ceerdinate—SystenCRS: Specification of a 3D
coordinate reference systemthat allows positions to be specified
relative to the surface of a reference ellipsoi dbasedon—-an

el lipsoid that approximates the shape of the Earth. Positions are
defined-speci fi ed relative tothe surface of this elipsoeid-by
means—of—two—angles—Llatitude and Longi tude angles, and by the

Hei ght above or below the ellipsoid surface. The units of
Lati tude and Longi tude nust be Angular Units, and the Hei ght

units nust be Linear Units. {Nete that a 3D geegraphiccoordinate

Note: In the current aSSOCIated CpenG!S Inplenentatlon

Speci fication: Coordi nate Transformati on Services (OCC
docunent 01-009) a CGeographic 3D CRS is nodel ed as a Conpound
CRS, conposed of a CGeographic 2D CRS and a Vertical CRS, of
which the latter is based on an Ellipsoidal Height Datum
This solution is now actively di scouraged; the current
understanding is that ellipsoidal heights cannot exist on
their own, but only as an inseparable part of 3D coordinate
tuples. This will be rectified in the next revision of the
Inplenentatlon SpeC|f|cat|on
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The Geographi c 3D Ceerdi-nate—SystenCRS data contains:

Geodetic Datum The geodetic datumthat specifies the origin,
orientation, and scale of this Geographic 3D Coerdinate
SystenCRS.
-->
<! ELEMENT Geogr aphi c3dCeerdi-nateSystem-CRS (
Geodeti cDatum >

<I-- Geographic 2D Ceerdinate—SystenCRS: Specification of a 2D
coordinate reference systemthat allows positions to be specified
on the surface of a reference ellipsoi dbased-on—-an—el-ipsoeid-that
approximates—the shape of the Earth. Positions are defined
speci fi ed en—the surface of thisellipseid-by reans—oef two

angular—measures—Lati tude and Longi tude angles. The Unit of each
associ ated Coordinate Axi s nust be an Angul ar Unit. —{Netethat—a

The Geographi c 2D Ceerdi-nate—SystenCRS data contains:

Geodetic Datum The geodetic (or horizontal) datumthat
specifies the origin, orientation, and scale of this
Geogr aphi ¢ 2D Coerdinate—SystenCRS.
-->
<! ELEMENT Geogr aphi c2dCeerdi-nateSystem-CRS (
Geodeti cDatum >

<I-- Projected Coordinate—SystenCRS: Specification of a 2D
Cartestan—map coordi nate reference system derived froma

Geogr aphi c 2D Coerdinate—SystenCRS by applying a “map projection”
coordinate transformation (usually ternmed a “conversion”). This
coordinate transformation is applied to coordinates in the
CGeographic 2D CRS to produce the map coordinates in the Projected
CRS. The Geodetic Datum of the Coordinate Reference systemis not
affected by this coordinate transformation. The Unit of each
associ ated Coordinate Axis nust be a Linear Unit.

The Projected Coordinate SystenCRS data cont ai ns:

Coordi nate Reference System The base CGeographic 2D
Coordi-nate—SystenrCRS for—upon which this Projected Coordinate

SystenCRS i s based.
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Coordi nate Transformation Definition: The Paraneterized

Transformati on that “prejeets”™ the lLatitude and Longitude of
the base Coographte 2B Coordinate Systemonto—aplanar
surface—

defines this Projected CRS. This coordinate transformation is a
map projection.

-->
<I ELEMENT Pr oj ect edCooerdi-nateSystem-CRS (

Coor di nat eRef er enceSyst em

Coor di nat eTr ansf ormat i onDefinition) >

<!-- Local Coordinate—SystenCRS: Specification of a |ocal |

coordinate reference systemthat is defined for and usually used
inalimted region, significantly |l ess than the conplete surface
of the earth. Exanples are |ocal engineering or architectural

coordi nates, grids, and drawings. A spatial Local Ceoerdinate
SystenCRS usual |y has two characteristics:

Does not account for the curvature of the earth’s surface. (A

Local Coerdinate SystenCRS is not a—geocentric Cartesian
coordinate—system—although ity —use Cartestanr—ares—and +s
not a map Pproj ected eooerdinate systenCRS.)

The datumis within or on the edge of the region in which the
Local CeerdinateSystenCRS is expected to be used. (The |
originis neither the center of the earth ellipsoid nor the
point with zero Latitude and Longitude in any conmon

geogr aphi ¢ eeerdinatesystenCRS.)

In this specification, the axes of a spatial Local Coordinate
System are al ways Cartesian. A |ocal coordinate system have any
nunber of dinensions, from1l to 3.

The datum of a Local Ceerdinate SystenCRS m ght er—m-ght—net—have
a specified (or known) position in a geodetic eceoerdinatesCRS.

Simlarly, the coordinate axes m ght er—mght—net—have specified
directions in a geodetic eoordinatesCRS. ASuech— geodetic
coordinates—CRS i ncl udes Ggeographi ¢ eeerdinatesCRS, Ggeocentric
coordinatesCRS, and map Pproj ect ed eooerdinatesCRS.

If the origin position and axes directions are specified in
any geodetic coordi nate system point positions in a Llocal

coordinate-systenCRS can be transforned to and from ot her

coordi nate reference systens. One conmon use of such a
geor ef erenced Llocal eceordinatesystenrCRSis a grid

coordi nate systemthat defines the positions of a rectangul ar
grid of points |located in a base coordinate reference system
Such a grid coordinate systemuses the grid origin for the
axis origin, and uses the grid spacing for the axis units.
Such a grid of points is used in a grid coverage and for

ot her purposes. Such a grid coordinate system can be
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specified by an affine transformation fromthe base

coordlnate reference systen1—%Ab%e—%ha%—saeh—a—gpkd

In general, if the origin position and/or axes directions are
not specified in any geodetic coordi nate system point
positions in a |l ocal coordinate system cannot be transforned
to other coordinate systens. However, if two Lloca
coordinate—systensCRSs have t he same nunber of di nmensions,
axes nanes, axes units, and lecal—Local datuwDatum then
software is permtted to assune that these two Lloca
coordinate—systensCRSs are identical. This allows nmultiple
datasets froma comon source (e.g. a CAD systen) to be
overlaid. In addition, some inplenmentations of a—Coordinate
Transformati on software may have a nmechani smfor correlating
Local Datums. (e.g. froma database of transformations, which
is created and maintai ned from neasurenents.)

Local Ceerdinate SystenCRS data contains either or both:

Local Datum The datumthat specifies the reference used to
measure positions in this |l ocal or engineering coordinate
system

Coordi nate systemderivation: Data that relates this Loca
Coordi-nate—SystenCRS to anot her coordi nate reference system
This data is included only when this Local Ceerdinate
SystenCRS i s geereferenced to anot her coordi nate reference
system This data can be repeated for a georeferenced Lloca

coordinate systenCRS, to represent alternative
derivationsreferences. This derivation data contains bot h:

Coordi nate Reference System The base Coordinate

Ref erence System for this georeferenced Local Ceerdinate
SystenCRS. This base coordinate reference systemcan be
of any type, including another Local Ceerdinate

Syst enCRS.

Coordi nate Transformation Definition: The Paraneterized
Transformati on that specifies the transformation fromthe
base coordi nate reference system —Fhis—transtormation+s

vsuetby epeffine transtermmiton—

| <! ELEMENT Local CeerdinateSystemCRS (

Local Dat um
| ( (CoordinateReferenceSystem
Coor di nat eTransf ormati onDefi nition) +,
Local Datun®) ) >
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<l-- Vertical Coerdinate SystenrCRS: Specification of a 1D

coordinate reference systemused for elevation, depth, or height
measurenents. The Unit of the one associ ated Coordi nate Axi s nust
be a Linear Unit.

The Vertical Coerdinate—SystenCRS data contains:

Vertical Datum The datumthat specifies the reference used
to nmeasure vertical heights or depths. This is generallby
often a naned datumthat is specified by a geodetic
authority. However, “local vertical datuns” al so exist, but
are likely to be specified as part of a Local Datum ,—and—ecan

be ettherageetdal—or ot oserdal datum-
-->

<l ELEMENT Verti cal CoordinateSystemCRS (
Vertical Datum >

<!-- End of XML DID for Coordi nate Reference Systens -->

<l-- Version 0.0 of XML DTD for Datumdefinitions. This DTD uses
XM. el enents that are specified in other DIDs. -->

<l-- Vertical Datum The reference used to neasure el evations,
depths, or heights in a vertical coordinate system

The Vertical Datum data contains:

Nane Set: Set of one or npbre human under st andabl e nanmes for
this Vertical Datum This Nanme Set is optional, but usually
shoul d be included as di scussed for the Nane Set el enent.

Identifier: Unique identifier used by software for this
Vertical Datum Either this lIdentifier or the follow ng
vertical Datum Type nust be included. Both can be included if
useful, as discussed for the Identifier el enent.

Dat um Type: Text specifying the subtype of this vertica
datum The currently defined vertical datum subtypes and
their nmeanings are:

Geoi dal: The zero point of the vertical axis is defined
by a—an approxi mately constant potential surface, usually
— the geoid. A geeid-surface is usually a—surface
determ-ned-specified by a national authority,—andis
related toseatlevel—Vhensuch s the case—i+t, and i s
then s—a well known, named dat um —‘Fer—a—geoidal—datum-
the—verttecal—ads—+sreaswred+nadstancewritt—fromthe
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El li psoidal: The ellipsoid surface defines the zero point
of the datum This datumtype only nmakes sense if this

t he associ ated Wertical ceerdinate systenCRS is conbi ned

with a 2D hori zontal eceerdinate systenCRS. The el lipsoid
is the same ellipsoid as for the horizontal eeerdinate

systenCRS. For an ellipsoidal datum the vertical axis is
measured in a distance unit fromthe ellipsoid surface,
and is usually named * hei ght”. {FBR}-

Depth: The zero point of the vertical axis is defined by
a surface that has nmeaning for the purpose which the
associ ated vertical neasurenents are used for. For
hydrographic charts this is often a predicted nom nal sea
surface (i.e. without waves or other wind and current
effects) that occurs at |low tide. Exanples are Lowest
Astronom cal Tide and Lowest Low Water Spring. A
different exanple is a sloping and undul ati ng R ver Datum
defined as the nom nal river water surface occurring at a
guantified river discharge.

Barometric: The zero point of the vertical axis is
defined by a surface of equal atnobspheric pressure.

Hei ght is then neasured by baroneter. This technique is
routinely used in aircraft. The zero level is chosen as
t he atnospheric pressure on the ground at the tine of

t ake-of f and the neasured height value is commonly naned
“altitude”, interpreted as vertical distance above the
reference ground | evel

-->
<I ELEMENT Verti cal Datum (
NanmeSet ?,

(ldentifier

| (datunilype
Identifier?) ) ) >
<I ELEMENT dat unlype (#PCDATA) >

<!-- Local Datum The reference used to neasure positions in a
| ocal or engineering coordinate system See the description of a

Local Ceerdinate SystenCRS for nore information.

The Local Datum data cont ai ns:

Nane Set: Set of one or npbre human under st andabl e nanmes for
this Local Datum This Name Set is optional, but usually
shoul d be included as di scussed for the Nane Set el enent.

Identifier: Unique identifier used by software for this Local
Datum Either this lIdentifier or the follow ng | ocal Datum
Type nust be included. Both can be included if useful, as

di scussed for the Identifier elenent.
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Dat um Type: Text describing this |local datum This text

shoul d describe or nane the position of the coordinate system

origin and the directions of the coordi nate axes.

<I ELEMENT Local Dat um (

<l--

NanmeSet ?,

(ldentifier

| (dat unilype,
Identifier?) ) ) >

Geodetic Datum The reference used to nmeasure positions in a

geogr aphi c or geocentric coordinate reference system where the
shape of the earth is approximted by an ellipsoid.

The

>

Geodeti ¢ Datum data cont ai ns:

Nanme Set: Set of one or npbre human under st andabl e nanmes for
this Geodetic Datum This Nanme Set is optional, but usually
shoul d be included as di scussed for the Nane Set el enent.

Identifier: Unique identifier used by software for this
CGeodetic Datum Either this Identifier or the foll ow ng
Geodeti c Datum Speci fication nust be included. Both can be
included if useful, as discussed for the Identifier elenent.

Geodetic Datum Specification: Detailed specification of this
geodetic datum The Geodetic Datum Specification data
cont ai ns:

El li psoid: The approximation of the Earth's surface as a
squashed sphere, used by this Geodetic Datum

Prime Meridian: Meridian toward which the X axis points.
This data is optional, included only when the prine
meridian is not the Geenw ch neridian.

<I ELEMENT Geodeti cDatum (

<l--

<l--

NanmeSet ?,

(ldentifier

| (Ellipsoid,
Pri meMeri di an?,
Identifier?) ) ) >

End of XML DTD for Datumdefinitions -->

Version 0.0 of XML DID for Ellipsoid and Prinme Meridian

definitions. This DID uses XM. el enents that are specified in
ot her DIDs. -->
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<l--

Ellipsoid: Definition of an ellipsoid that approximtes the

shape of the Earth.

The Ellipsoi d data contai ns:

68

Nane Set: Set of one or npbre human under st andabl e nanmes for
this Ellipsoid. This Nanme Set is optional, but usually should
be included as discussed for the Nane Set el ement.

Identifier: Unique identifier used by software for this
Ellipsoid. Either this Identifier or the followi ng Ellipsoid
Speci fication nust be included. Both can be included if
useful, as discussed for the Identifier el enent.

Ellipsoid Specification: Detail ed specification of this
el lipsoid. The Ellipsoid Specification data contains:

Linear Unit: Definition of the linear unit used for the
Sem - Maj or Axis and Sem -M nor Axis values of this
el li psoid.

Sem - Mpaj or Axis: The numerical value of the equatorial
radius of the ellipsoid, expressed in the related Linear
Unit.

Sem - M nor Axis: The nunerical value of the distance from
the center of the ellipsoid to either of its poles,
expressed in the related Linear Unit.

I nverse Flattening: The nunerical value of the inverse
flattening constant for this ellipsoid. The inverse
flattening of a spheroid is related to the sem -mjor (a)
and sem -mnor (b) axes by the formula 1/f = a/(a-b). For
perfect spheres, this fornula breaks down, and the
special inverse flattening value of zero is used.

Flattening Definitive: The Bool ean val ue that indicates
if the Inverse Flattening value is definitive for this
el lipsoid. Sone ellipsoids use the inverse flattening as
t he defining value, and calculate the pol ar radius when
needed. Qther ellipsoids use the polar radius to

cal cul ate the Inverse Flattening val ue when needed. This
di stinction can be inportant to avoid floating point
roundi ng errors.

El | i psoi d Shape: The Bool ean value that indicates if the
reference surface is an ellipsoid. True neans the
reference surface is amellipsoid, and False neans it is
a sphere. This data is optional, included when desired.
When not included, the reference surface is a sphere when
t he val ues of the Sem -Major Axis and Sem -Mnor Axis are
equal
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-->
<I ELEMENT El i psoid (
NanmeSet ?,
(ldentifier
| (LinearUnit,
sem Maj or Axi s,
sem M nor Axi s,
i nver seFl att eni ng,
Identifier?) ) ) >
<I ATTLI ST Elli psoi d
flatteningDefinitive (true | false) #REQUI RED
el I'i psoi dShape (true | false) #1 MPLI ED >
<! ELEMENT sem Maj or Axi s (#PCDATA) >
<I ELEMENT sem M nor Axi s (#PCDATA) >
<I ELEMENT i nver seFl att eni ng (#PCDATA) >

<l-- Prine Meridian: The meridian used as the reference for
Longi t ude neasurenents.

The Prime Meridi an data contai ns:

Nanme Set: Set of one or npbre human under st andabl e nanmes for
this Prime Meridian. This Nanme Set is optional, but usually
shoul d be included as di scussed for the Nane Set el enent.

Identifier: Unique identifier used by software for this Prine
Meridian. Either this lIdentifier or the follow ng Prime
Meri di an Specification nust be included. Both can be included
i f useful, as discussed for the lIdentifier elenent.

Prime Meridian Specification: Detailed specification of this
prinme neridian. The Prinme Meridian Specification data
cont ai ns:

G eenwi ch Longitude: The Longitude of this Prime Meridian
relative to the G eenwich Meridian, expressed in the
rel ated Angular Unit.

Angul ar Unit: Definition of angular unit for the rel ated
G eenwi ch Longi tude val ue.

-->
<I ELEMENT PrinmeMeridian (
NanmeSet ?,
(ldentifier
| (greenw chLongi tude,
Angul arUni t,

Identifier?) ) ) >
<l ELEMENT greenw chLongi t ude (#PCDATA) >

<l-- End of XM. DID for Ellipsoid and Prinme Meridian -->
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1F.4XML DTDs for shared elements

This subclause presents the commented XML DTDs containing elements used by the
XML DTDsfor both Coordinate Reference System definition and Coordinate
Transformation Definition.

<l-- Version 0.0 of XML DTD for ldentification information. -->

<l-- Identifier: Unique identifier used by software for a
specific coordinate reference system coordinate transformation
or other set of data. This identifier does not contain
specification information, but contains the mni mum i nformation
needed to allow finding specification data stored el sewhere.

The Identifier data contains:

Code: Character string code, nane, or other unique identifier
of the related set of data. The neaning of this Code is
defined by the related Code Space, and the range and fornmat
of these codes are defined by the Code Space authority. This
code is usually not human understandabl e, but it could be.

Code Space: Character string identifier of a code space

wi thin which one or nore Codes are defined. This code space
is often defined by sonme authority organization, where one
organi zation may define nultiple code spaces. The range and
format of each Code Space identifier is defined by that code
space authority. Wien the Code Space identifier is long, an
all-capitals abbreviation of that identifier may be used
(such as "EPSG' for European Petrol eum Survey G oup).

Edition: Character string identifier of one edition or
version of the related Code Space or "Code". This edition
identifier applies to either the Code Space or the "Code" as
defined by the Code Space authority. This data is optional

i ncl uded whenever nmultiple editions exist or are expected to
exi st. \When appropriate, the edition is identified by the
effective date, coded using | SO 19108 date format.

Note 1: One authority (code space and edition) can define nore

t han one set of unique codes for identifying one itemfroma set
of alternatives. For exanple, the EPSG currently defines three
different sets of unique codes for identifying a Length Unit and
for an Angular Unit. When an authority defines nore than one set
of uni que codes, any of these sets of codes could be used.

Not e 2: Whenever an ldentifier elenent can be included in another

el ement, certain “specification” data can alternately be included
in the same other element. Either the Identifier elenent or the
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specification data el enment(s) nust be included, allow ng a
“definition” XM. elenent to be used in two ways:

Only the lIdentifier can be included for a geospatial entity
that is “well-known” to the XML receiver. Well-known neans
that the corresponding "specification" data can be found

el sewhere when needed, using only this Identifier. This

“el sewhere” is never in the same XML file that contains this
Identifier-only definition element, is usually not in any
public XM_ file, and is never in a XM_ file whose nane or UR
is known to the XML sender. (TBR)

Only the "specification" data can be included for a custom
geospatial entity that is not uniquely or pernmanently
identified.

Both the "identifier" data and "specification"” data can be
included in one XM_ elenent if useful, but this should generally
not be done. Specifically, the "specification" data should not be
included with an ldentifier for any geospatial entity that is
“wel | -known” to the XM. receiver, since these two forns of
informati on are redundant and may conflict. If both are included,
the included "specification" data should be used by the XM
receiver, instead of the included ldentifier.

-->
<I ELEMENT ldentifier (
code,
codeSpace,
edition? ) >
<! ELEMENT code (#PCDATA) >
<! ELEMENT codeSpace (#PCDATA) >
<! ELEMENT edition (#PCDATA) >
<I-- Nanme Set: Set of human understandabl e nanes for a specific

coordi nate reference system coordinate transformation, or

rel ated set of data. These nanes usually do not uniquely identify
the set of data (or netadata), but provide human understandabl e
nanes for that data. The Nane Set data contains at | east one of:

Nanme: The primary human under st andabl e name for this set of
data. This data is optional, included only when a human
readabl e nane is defined and useful .

Abbrevi ati on: An abbrevi ated human under st andabl e nane for
this set of data. This data is optional, included only when
an abbreviation is defined and useful. Mre than one
abbrevi ation can be included if useful.

Alias: An alternate human understandabl e nane for this set of

data. This data is optional, included only when an alias is
defined and useful. Mre than one alias can be included if
usef ul .
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Remar ks: Human under st andabl e remarks or comments about this
coordi nate reference system coordinate transformation, or
rel ated set of data. Mdre than one remark can be included if
usef ul .

Not e: Whenever a Nane Set el enent can be included in another
el ement, the ldentifier element and/or “specification” data can
al so be included in the same other el enment. VWatever other data
is included in an el enent, the Name Set el ement shoul d be
included if useful, and it will often be useful to a hunan user.
However, the Nane Set el enent may not be useful when the included
Identifier element or "specification"” data is sufficiently human
under st andabl e.
-->
<I ELEMENT NameSet (

nane,

abbrevi ati on*,

al i as*,

remar ks*) >
<! ELEMENT name (#PCDATA)
<I ELEMENT abbrevi ati on (#PCDATA)
<! ELEMENT al i as (#PCDATA)
<I ELEMENT r emar ks (#PCDATA)

V V VYV

<l-- End of XM. DID for ldentification information -->

<l-- Version 0.0 of XML DID for Unit definitions. -->

<l-- Linear Unit: Definition of a linear unit of neasure.

The Linear Unit data contains:
Nane Set: Set of one or nore human under standabl e nanes for
this Linear Unit. This Nanme Set is optional, but usually
shoul d be included as discussed for the Nane Set el enent.
Identifier: Unique identifier used by software for this
Linear Unit. Either this Identifier or the follow ng Linear
Unit Specification nust be included. Both can be included if
useful, as discussed for the Identifier el enent.
Li near Unit Specification: Specification of this |linear unit
relative to the international standard neter. The Linear Unit
Speci fication data contains either or both:

Meters Per Unit: Nunber of neters per linear unit.

Units Per Meter: Nunber of linear units per neter.
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proper scale factor
scal e factors.

-->

<I ELEMENT LinearUnit (
NanmeSet ?,
(ldentifier

| ( ( (netersPerUnit,

If both of these scale factors are incl uded,

OGC 01-013r1

t he
is the ratio of these individual

uni t sPer Met er ?)

| unitsPerMeter),
Identifier?) ) ) >

<! ELEMENT net er sPer Uni t
<! ELEMENT uni t sPer Met er

<l-- Angular Unit:

The Angul ar Unit data contai
Name Set: Set of one or
this Angular Unit. This

shoul d be included as di

Identifier:
Angul ar Unit. Either thi
Unit Specification nust
useful,

Angul ar
unit
contai ns either or both:

Radi ans Per Unit:

Units Per Radian:
Not e:
proper scale factor
scal e factors.

-->

<I ELEMENT Angul arUnit (
NanmeSet ?,
(ldentifier

| ( ( (radiansPerUnit,

Definition of an angul ar

Uni que identifier

as discussed for the Identifier
Unit Specification:
relative to radi ans.
Nunber of
Nunber of angul ar

If both of these scale factors are incl uded,

(#PCDATA) >
(#PCDATA) >

unit of measure.
ns:

nor e human under st andabl e nanes for
Name Set is optional, but usually
scussed for the Nane Set el enent.

used by software for this

s ldentifier or the follow ng Angul ar
be included. Both can be included if
el enent .

Speci fication of this angular

The Angul ar Unit Specification data

radi ans per angular unit.

units per radian.

t he
is the ratio of these individual

uni t sPer Radi an?)

| unitsPerRadi an),

Identifier?) ) ) >
<l ELEMENT r adi ansPer Uni t (#PCDATA) >
<I ELEMENT uni t sPer Radi an (#PCDATA) >

<l-- End of XM. DTD for Unit
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<l-- Version 0.0 of XML DID for Validity Region definition. -->

<lI-- Validity Region: Description of the region of validity of a
coordi nate reference system coordinate transformati on, or

rel ated set of data. For a coordinate transformation, this region
of validity applies to the source coordinate reference system
The Validity Region data contains either or both:

Validity Area: Human-understandabl e text defining the region
of validity.

Validity Envel ope: Specification of the region of validity as
a rectangle in tw dinmensions, or a rectangular volune in
three dinmensions. The Validity Envel ope contai ns:

M ni mum Coordi nates: Ordered |ist of nunbers, one for
each coordinate systemaxis, that specify the m ni num
coordinates of this region of validity. Each nunber is
normal |y the al gebraically mninumaxis val ue over the
region of validity. However, a m ninum Longitude is the
West - nost val ue over the region of validity.

Maxi mum Coordi nates: Ordered |ist of nunbers, one for
each coordinate systemaxis, that specify the maxi mum
coordinates of this region of validity. Each nunber is
normal |y the al gebraically maxi nrum axi s val ue over the
region of validity. However, a maxi num Longitude is the
East - nost val ue over the region of validity.

Not es: The nunbers in the M nimum and Maxi nrum Coor di nat es
lists are separated by spaces, and can be either rea
(floating point) or integer nunbers. A point with these
M ni mum Coor di nat es or Maxi num Coor di nat es rmay be outsi de
the valid domain of the related coordi nate reference
system or coordinate transformation

Validity Type: Character string code indicating the

preci sion or meaning of this envel ope of validity. For a
coordi nate system the possible Validity Type val ues and
meani ngs are:

Exact: Any point within this envelope is valid, and
no point outside this envelope is valid.

Typical: Mst points within this envel ope are valid,
and nost points outside this envel ope are not valid.

M ninum Any point within this envelope is valid, and
some points outside this envel ope are al so valid.
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Maxi mum Most points inside this envel ope are valid,
and no point outside this envelope is valid.

Unlimted: The region of validity is limted only by
the valid ranges of all the individual axes val ues.
In this case, the m ni mum and maxi num envel ope val ues
contain the axes m ni mum and maxi num val ues. Any
point with all axes values within that axis val ue
range are valid.

For a coordinate transformation, the possible values and
meani ngs of the Validity Type are:

Exact: Any source coordinate systempoint within this
envel ope can be accurately transforned, and no point
outside this envel ope can be accurately transformned.

Typi cal: Mbpst source coordi nate system points wthin
this envel ope can be accurately transfornmed, and nost
poi nts outside this envel ope can not be accurately

t ransf or ned.

M ni num Any source coordinate system point within
this envel ope can be accurately transforned, and sone
points outside this envelope will also be accurately
t ransf or ned.

Maxi mum Most source coordi nate system points within
this envel ope can be accurately transforned, but no
points outside this envelope will be accurately

t ransf or ned.

Unlimted: The envelope of validity is limted only
by the valid ranges of all the individual axes val ues
for the source coordinates. Any source coordi nate
systempoint with all axes values within that axis
val ue range can be accurately transforned.
-->
<I ELEMENT Val i di t yRegi on (
val i di tyArea
| (m ni munCoor di nat es,
maxi munCoor di nat es,
validityArea?) ) >
<I' ATTLI ST Val i di tyRegi on

val i dityType (exact | typical | mninmum| maxi num
| unlimted) #1 MPLI ED >
<IELEMENT validityArea (#PCDATA) >

<I ELEMENT  m ni muntCoor di nat es (#PCDATA) >
<I ELEMENT  maxi muntCoor di nat es (#PCDATA) >

<l-- End of XM_L DID for Validity Region definition -->
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Annex G
(informative)

XML overviews and examples

1G.1 Introduction

This annex provides overviews and examples of the XML specified in Annex F. Since
the XML structure is not easy to see in commented XML DTDs, this section includes the
above XML DTDswith all comments eliminated.

This annex discusses the specified XML in four parts, used for representation of:
a) Shared Elements, used by all below

b) Coordinate Reference System definition

¢) Coordinate Transformation Definition

d) Parameter values, of some parameters used in Parameterized Transformations

The primary differencesin the XML DTDsin Annex F, compared to the corresponding
XML DTDsin the currently proposed OGC standard XML (OGC document 01-014), is
omission of the XML elements not needed in this Implementation Specification. Specific
omissions here include the:

a) Image Coordinate-SystemCRS (XML element) type of Coordinate Reference
System, and the Image Datum and Pixel Spacing Unit (XML elements)

b) Tempora Ceerdinate-SystemCRS (XML element) type of Coordinate Reference
System, and the Time Unit (XML element)

c) Position Error Estimates and Covariance Element (XML elements), included in the
Transformation Definition (XML element)

d) Transformation Method Specification set of elements in Transformation Method
(XML element), and the Parameter Definition (XML element)

He) Axis Number (XML element) included in Coordinate Axis (XML element)

1G.2 XML for shared elements

This subclause lists without the comments the XML DTDs specified in Subclause F.4 for
shared XML elements.
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<I ELEMENT ldentifier (

code,

codeSpace,

edition? ) >
<! ELEMENT code (#PCDATA) >
<! ELEMENT codeSpace (#PCDATA) >
<! ELEMENT edition (#PCDATA) >
<! ELEMENT NaneSet (

name,

abbrevi ati on*,

al i as*,

remar ks*) >
<! ELEMENT name (#PCDATA) >
<I ELEMENT abbrevi ati on (#PCDATA) >
<! ELEMENT al i as (#PCDATA) >
<I ELEMENT r enmar ks (#PCDATA) >

<I ELEMENT LinearUnit (
NanmeSet ?,
(ldentifier
| ( ( (netersPerUnit, unitsPerMeter?)
| unitsPerMeter),
Identifier?) ) ) >
<l ELEMENT met er sPer Uni t (#PCDATA) >
<I ELEMENT uni t sPer Met er (#PCDATA) >

<I ELEMENT Angul arUnit (
NanmeSet ?,
(ldentifier
| ( ( (radiansPerUnit, unitsPerRadi an?)
| unitsPerRadi an),
Identifier?) ) ) >
<l ELEMENT r adi ansPer Uni t (#PCDATA) >
<I ELEMENT uni t sPer Radi an (#PCDATA) >

<I ELEMENT Val i di t yRegi on (
val i di tyArea
| (m ni munCoor di nat es,
maxi munCoor di nat es,
validityArea?) ) >
<I' ATTLI ST Val i di tyRegi on

val i dityType (exact | typical | mninum| maxi num
| unlimted) #1 MPLI ED >
<IELEMENT validityArea (#PCDATA) >

<I ELEMENT  m ni muntCoor di nat es (#PCDATA) >
<I ELEMENT  maxi muntCoor di nat es (#PCDATA) >
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1G.3 XML for coordinate reference system definition

This subclause lists without the comments the XML DTDs specified in Subclause F.3 for
Coordinate Reference System definition

<! ELEMENT Coor di nat eRef er enceSyst em (
NanmeSet ?,
(ldentifier
| (Coordi nat eSyst emDefi ni ti on,
Val i di t yRegi on?,
( CompoundCee+di-nateSystem-CRS
| GCeeecentrieCartestanGeocentri cCoordinateSystem-CRS
| Geographi c3dCeerdinateSystem-CRS
| Geographi c2dCeerdinateSystem-CRS
| Project edCoordi-nateSystem-CRS
| Local CoerdinateSystem-CRS
| Vertical CRSCoerdi-nateSysten),
I

dentifier?) ) ) >

<! ELEMENT Coor di nat eSystenmDefinition (
NanmeSet ?,
(ldentifier
| (dimensions,
Coor di nat eAxi s+,
Identifier?) ) ) >
<l ELEMENT di nensi ons (#PCDATA) >

<I ELEMENT Coor di nat eAxi s (
axi sNane?,
axi sAbbrevi ati on?,
axi sDirection,
(LinearUnit | AngularUnit) ) >

<! ELEMENT axi sNane (#PCDATA) >
<I ELEMENT axi sAbbrevi ati on (#PCDATA) >
<! ELEMENT axi sDirection (#PCDATA) >

<! ELEMENT ConpoundCeerdinateSystem-CRS (
Coor di nat eRef er enceSyst emt) >

<l ELEMENT GeecentriecCartesianGeocentri cCoordinateSystemCRS (
CGeodeti cDatum >

<! ELEMENT Geogr aphi c3dCeerdi-nateSystem-CRS (
CGeodeti cDatum >

<! ELEMENT Geogr aphi c2dCeerdi-nateSystem-CRS (
CGeodeti cDatum >

<I ELEMENT Pr oj ect edCoerdi-nateSystem-CRS (

Coor di nat eRef er enceSyst em
Coor di nat eTr ansf ormat i onDefinition) >

<l ELEMENT Local CeerdinateSystemCRS (
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Local Dat um
| ( (CoordinateReferenceSystem
Coor di nat eTransf ormati onDefi nition) +,
Local Datun®) ) >

<l ELEMENT Verti cal CoordinateSystemCRS (
Vertical Datum >

<I ELEMENT Verti cal Datum (
NanmeSet ?,
(ldentifier
| (dat unilype,
Identifier?) ) ) >
<I ELEMENT dat unilype (#PCDATA) >

<I ELEMENT Local Dat um (
NanmeSet ?,
(ldentifier
| (dat unilype,
Identifier?) ) ) >

<I ELEMENT Geodeti cDatum (
NanmeSet ?,
(ldentifier
| (Ellipsoid,
Pri meMeri di an?,
Identifier?) ) ) >

<I ELEMENT El l'i psoid (
NanmeSet ?,
(ldentifier
| (LinearUnit,
sem Maj or Axi s,
sem M nor Axi s,
i nver seFl att eni ng,
Identifier?) ) ) >
<I' ATTLI ST El li psoi d
flatteningDefinitive (true | false) #REQUI RED

el I i psoi dShape (true | false) #1 MPLI ED >
<! ELEMENT sem Maj or AXi s (#PCDATA) >
<I ELEMENT sem M nor Axi s (#PCDATA) >

<I ELEMENT i nver seFl att eni ng (#PCDATA) >

<I ELEMENT PrinmeMeridian (
NanmeSet ?,
(ldentifier
| (greenw chLongi tude,
Angul arUni t,
Identifier?) ) ) >
<l ELEMENT greenw chLongi t ude (#PCDATA) >
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1G.4 XML for coordinate transformation definition

This subclause lists without the comments the XML DTDs specified in Subclause F.2 for
Coordinate Transformation Definition.

<l ELEMENT Coor di nat eTr ansf or mati onMet adata (
Coor di nat eRef er enceSyst em
Coor di nat eRef er enceSyst em
Coor di nat eTransformati onDefinition?) >

<l ELEMENT Coor di nat eTransfornmati onDefinition (
NanmeSet ?,
(ldentifier
| (sourceD nensions,
t ar get Di nensi ons,
Val i di t yRegi on?,
( Concat enat edTr ansf ormati on
| I'nverseTransformation
| PassThroughTransfornmation
| ParaneterizedTransformation),
Identifier?) ) ) >
<I ELEMENT sour ceD nensi ons (#PCDATA) >
<I ELEMENT t ar get Di nensi ons (#PCDATA) >

<I ELEMENT Concat enat edTr ansformati on (
Coor di nat eTransformati onDefinition+) >

<I ELEMENT | nver seTransformati on (
Coor di nat eTr ansf ormati onDefinition) >

<I ELEMENT PassThr oughTransformation (
Coor di nat eTransf ormat i onDefini ti on,
firstMdifiedO dinate,
nunber Modi fi edOr di nates) >
<I ELEMENT firstMdifiedOdinate (#PCDATA) >
<I ELEMENT nunber Modi fi edOr di nat es (#PCDATA) >

<l ELEMENT Par anet eri zedTransformati on (
Tr ansf or mat i onMet hod,
Par aneter*) >

<l ELEMENT Par aneter (

codeNane,

val ue,

(LinearUnit | AngularUnit)? ) >
<! ELEMENT codeNan®e (#PCDATA) >
<! ELEMENT val ue (#PCDATA) >

<I ELEMENT Tr ansformati onMet hod (
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NanmeSet ?,
Identifier) >

1G.5 Example XML for transformation parameter values

This subclause provides example XML contents for the values of the parameters used in
some Parameterized Transformations. This XML is specified using the DTD elements for
“Parameterized Transformation” and for “Parameter” specified in Subclause F.4. (This
XML can be used as part of the XML for a Coordinate Transformation Definition or
Coordinate Transformation Metadata.)

The definitions of some Parameterized Transformations, with al the Parameter values
used, are well-known and are clearly specified in other documents. For example, the
EPSG database clearly specifies many Parameterized Transformations with the
associated Parameter values. This subclause includes only a few representative examples
for Parameterized Transformations clearly specified elsewhere.

The definitions of many Parameterized Transformations are not clearly specified in other
OGC documents, and this subclause thus includes more extensive examples. In many
cases, the specific parameter values will be specific to a particular application.

NOTE Some examples of XML use for Coordinate Reference System definitions, with the associated
Shared Elements, are provided in Section 6 of OGC document 01-014.

1G.5.1 Transverse Mercator map projection transformation

This subclause provides example XML contents for the values of the parameters used for
a Transverse Mercator map Projected Coerdinate-SysternCRS . This map projection is
from a Geographic 2D Ceerdinate-SystemCRS. The Parameterized Transformation for
that map projection can be specified by the following XML:

<Par anet eri zedTr ansf or mati on>
<Tr ansf or mat i onMet hod>
<NaneSet >
<nanme>Tr ansver se_Mer cat or </ nane>
</ NaneSet >
<ldentifier>
<code>TBD</ code>
<codeSpace>EPSG</ codeSpace>
</ldentifier>
</ Tr ansf or mat i onMet hod>
<Par anet er >
<codeNane>| ati tude_of _ori gi n</ codeNane>
<val ue>49</ val ue>
<Angul ar Uni t >
<NaneSet >
<name>DMSH</ nanme>
</ NaneSet >
<r adi ansPer Uni t >1. 74532925199433E- 02</ r adi ansPer Uni t >
<ldentifier>
<code>9108</ code>
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<codeSpace>EPSC</ codeSpace>
</ldentifier>
</ Angul ar Uni t >
</ Par anet er >
<Par anet er >
<codeNane>cent ral _neri di an</ codeNane>
<val ue>2</val ue>
<Angul ar Uni t >
<NaneSet >
<name>DMSH</ nanme>
</ NaneSet >
<r adi ansPer Uni t >1. 74532925199433E- 02</ r adi ansPer Uni t >
<ldentifier>
<code>9108</ code>
<codeSpace>EPSC</ codeSpace>
</ldentifier>
</ Angul ar Uni t >
</ Par anet er >
<Par anet er >
<codeNane>scal e_f act or</ codeNane>
<val ue>0. 999601272</ val ue>
</ Par anet er >
<Par anet er >
<codeNane>f al se_east i ng</ codeNane>
<val ue>400000</ val ue>
<Li near Uni t >
<NaneSet >
<name>net r e</ nane>
<abbr evi ati on>nx/ abbr evi ati on>
</ NaneSet >
<met er sPer Uni t >1</ met er sPer Uni t >
<ldentifier>
<code>9001</ code>
<codeSpace>EPSC</ codeSpace>
</ldentifier>
</ Li near Uni t >
</ Par anet er >
<Par anet er >
<codeNane>f al se_nort hi ng</ codeNanme>
<val ue>-100000</ val ue>
<Li near Uni t >
<NaneSet >
<name>net r e</ nane>
<abbr evi ati on>nx/ abbr evi ati on>
</ NaneSet >
<met er sPer Uni t >1</ met er sPer Uni t >
<ldentifier>
<code>9001</ code>
<codeSpace>EPSC</ codeSpace>
</ldentifier>
</ Li near Uni t >
</ Par anet er >
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</ Par anet eri zedTr ansf or mati on>
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Annex H
(informative)

I nter face design decisions

H.1 Introduction

This annex summarizes some of the decisions made in designing these coordinate
transformation interfaces. These design decisions are listed in groups depending on the
service part affected:

a) Ground coordinate transformation service
b) XML for coordinate reference system definition
¢) XML for coordinate transformation definition

Before discussing these design decisions, the design objectives and design approach used
to guide these design decisions are summarized.

H.2 Design objectives

A very important objective in the design of this high-level coordinate transformation
service interface was to minimize the difficulty of understanding and using this interface.
Of primary concern was minimizing the difficulty of client use of these transformation
services, since many more clients will be programmed than server implementations. (For
example, perhaps 300 clients will be programmed, but only 3 server implementations.)
This objective assumes this OGC standard interface is commercially successful.

Another very important design objective was to not significantly reduce the functionality
from that of the current draft low-level CT interface (specified in OGC document 86-
007r401-009). Clients that need only reduced functionality should be able to be satisfied
by a server that implements only a subset of the specified interface elements.

Lesser objectives include computation efficiency and ease of server implementation.
Small reductions in efficiency and other server properties were considered acceptable in
order to better achieve the primary objectives.

H.3 Design approach

In designing this easy-to-use interface, the basic approach followed was to minimize the
total numbers of client-visible interface elements. These interface elements include all:

a) Interface objects (not counting interface classes)

b) Arguments of al operations, including operation outputs and inputs
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c) Attributesof all <<DataType>> classes (where a <<DataType>> class has no
operations)

d) Distinct values (or attributes) of all <<CodeList>> and <<Enumeration>> classes

e) All <<DataType>>, <<CodeList>>, and <<Enumeration>> classes (not counting
objects of these classes)

An interface object is any UML object having one or more operations. An interface
object (using the <<Interface>> UML stereotype) does not have any attributes, but uses
operations to set and get the values of any data that might otherwise be considered
attributes.

The types of interface elements are listed above most critical first. That is, one
<<Interface>> object seems most difficult to understand, and one <<DataType>>,
<<CodeList>>, or <<Enumeration>> class seems least difficult to understand (not
including the contained attributes, which are counted separately). In addition, repeated
use of the same argument or same attribute is preferred over using somewhat different
arguments or attributes. The same argument or attribute means the same data type, same
name, and same definition.

H.4 Ground coordinate transformation service

The decisions made in the process of designing the ground coordinate transformation
service interface included:

a) Do not implement the concept of a*“session” for aclient. The alternative not selected
was to implement a “session” for aclient. Note that the “session” concept might be
implemented by an external software layer for access control, or in a DCP-dependent
profile of this general interface.

b) Include the capability for aclient to obtain the “ Transformation ID” value for the
transformation between client-specified source and target coordinate systems. In one
aternative, the client would be restricted to coordinate transformations with well-
known values of the “Transformation ID”.

¢) Include aninput to the “addTransformation” operation that allows a client to provide
the definition of a custom or specia coordinate transformation, or to specify a
coordinate transformation choice (when applicable), with optional implementation by
server. Some of the alternatives not selected include:

1) Not alow aclient to provide the definition of a custom or special coordinate
transformation.

2) Not alow aclient to specify a coordinate transformation choice (when
applicable).

3) Provide operation(s) separate from the “addTransformation” operation to allow a
client to provide the definition of a custom or special coordinate transformation,
and/or to specify a coordinate transformation choice (when applicable).
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4) Require all compliant serversto implement this capability (for some set of
coordinate transformations).

d) Useone*“Transformation ID” input to the “transform” and “transformList”
operations, where this input identifies the combination of source coordinate system,
target coordinate system, and coordinate transformation. In one alternative not
selected, separate inputs would be used to identify the source coordinate system,
target coordinate system, and coordinate transformation.

e) Usea“Transformation ID” input to the “transform” and “transformList” operations
whose contents are not interpretable by clients. That is, the Transformation ID is
encoded as a Character String without any further public specification of the string
contents. An aternative would be to provide clients with visibility into the contents
of a Transformation ID string.

f) Allow the “Transformation Metadata” input to the “addTransformation” operation to
| contain only the identifications of the source and target coordinate reference systems,
when those coordinate systems are well-known. One alternative not selected would
be to require a client to always send to the server detailed definitions of all coordinate
transformations.

g) Allow the contents of a CoordinateReferenceSystem definition to optionally contain
one or more additional Coordinate Transformation Definitions, each to that CRS
from another CRS. (That is, the contents of a CoordinateReferenceSystem definition
include but are deliberately NOT limited to the information required to specify a
CRS.) The purpose of allowing inclusion of such additional Coordinate
Transformation Definition elements is to minimize the need to separately transfer a
Coordinate Transformation Definition in Transformation Metadata.

g}h) Require each client to use the “addTransformation” operation to obtain each
“Transformation ID”, before using that Transformation ID in a“transform” or
“transformList” operation. That is, a server implementation is not allowed to specify
a set of Transformation ID values that can be considered well-known by clients of
that service. One alternative would be to alow a server implementation to specify a
set of Transformation ID values that can be considered well-known by clients of that
service.

| h)i) Allow and expect the server software to make this transformation active when the
“addTransformation” operation is performed for a client. Some of the alternatives not
selected include:

1) Require the server to make this transformation active when this operation is
performed.

2) Not alow the server to make this transformation active when this operation is
performed.

3) Provide separate operation(s) that allow a client to make active a well-known or
previously specified coordinate transformation.
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Bj) Require aclient to use the “addTransformation” operation to convert
“Transformation Metadata” to a*“Transformation ID”, before using the “transform”
and “transformList” operations. One aternative would be to include separate
operation(s) that perform coordinate transformation with the client directly supplying
avalue of Transformation Metadata. Another alternative would be to define the
“transform” and “transformList” operations to accept input of either Transformation
ID or Transformation Metadata.

pk) Include the “transformationMetadata’ operation to allow aclient to retrieve the |
detailed definition of any coordinate transformation (including source and target
coordinate systems), with optional implementation by server. Some of the
alternatives not selected include:

1) Not allow clientsto retrieve detailed definitions or specifications of coordinate
transformations and coordinate systems.

2) Require implementation of this operation by all server implementations.

3) Specify multiple operations for accessing various parts of the transformation
metadata, such as the individual source and target coordinate systems.

1)) Include the “Text Format” input to the “transformationMetadata” operation to |
allow clients to specify the format desired for the “Transformation Metadata’ output.
One alternative would be to allow clientsto retrieve transformation metadata in only
one format (probably one XML format). Other alternatives would allow clientsto
retrieve transformation metadata in a binary or other non-text format.

Bm) Include the “removeTransformation” operation to allow a client to remove or make |
inactive the detailed definition of a (custom or special or well-known) coordinate
transformation. One alternative would be to require server software to keep active al
client specified or selected definitions of coordinate transformations until a client
session is terminated. Another alternative would be to require server software to
automatically remove (or make inactive) coordinate transformation definitions that
were not recently used.

m)n)  Allow a server implementation to limit the number of currently active coordinate |
transformations by automatically making non-active selected active transformation
definitions that were not recently used. One alternative would be to not allow a server
implementation to make non-active selected active transformation definitions that
were not recently used.

A)o) Not alow a server implementation to limit the number of currently active |
coordinate transformations by rejecting additional coordinate transformations
received from client(s) after some maximum number of active transformations is
reached. One alternative would be to allow a server implementation to reject
additional coordinate transformations received from client(s) after some maximum
number of active transformations is reached.

p) Not include any operations, data types, and other interface elementsto assembleand |
disassemble the definitions of coordinate reference systems and coordinate |
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transformations (“ CoordinateReferenceSystem” and “TransformationDefinition”).}
One aternative would be to provide such capabilities (and this is a possible future
extension of thisinterface).

1+ H.5 XML for coordinate reference system definition

The decisions made in adapting the currently proposed OGC standard XML for
Coordinate Reference System definition included:

a) Not include temporal coordinate reference systems.
b) Not include polar, cylindrical, and spherical coordinate systems.

c) For some types of coordinate reference system, allow the contents of a Coordinate
Reference System element to optionally contain one or more additional Coordinate
Transformation Definition elements, each to that CRS from another CRS. (Seeitem
g) in Subclause H.4.)

1H.6 XML for coordinate transformation definition

The decisions made in adapting the currently proposed OGC standard XML for
Transformation Definition included:

a) Not include Parameter Definitions in data transferred.
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Annex |
(informative)

Possible futur e expansion

This annex briefly lists some of the capabilities that might be added in the future to this
high-level coordinate transformations interface. Some of the server capabilities that might
be added in the future include:

a)

b)
0)
d)

f)

Determine position error estimates for transformed coordinates, combining error
estimate data for coordinate transformations and input coordinates.

Obtain partial derivatives of target coordinates with respect to source coordinates.
Retrieve service metadata, by a client from a service implementation.

Handle additional types of coordinate reference systems, such as:

1) Tempora coordinate systems.

2) Image coordinate systems

2¥3) Polar, cylindrical, and spherical coordinate systems.
g e

Use an externally-maintained database of €RS-coordinate reference system and &F

coordinate transformation definitions, and specify the format for input of information
from that database.

Support interactive and/or automated selection of coordinate transformations from
multiple available aternatives. For example, expanded server interface capabilities
might:

1) Allow client to retrieve list of available coordinate reference systems.

2) Allow client to retrieve list of available coordinate transformations for identified
source and target coordinate reference systems

3) Allow client to retrieve only selected parts of identified coordinate reference
system definition or coordinate transformation definition.

4) Require server software to provide specified capabilities for automated selection
of specific coordinate transformation from multiple available alternatives.

5) Allow client to provide hints or guidance for automated server selection of
specific coordinate transformation from multiple available alternatives.

Notice that some of these listed additional capabilities might be provided though
separately specified interfaces, which could be implemented by either the same or
Separate server software packages.
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