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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
The main task of technical committees is to prepare International Standards. Draft International Standards adopted
by the technical committees are circulated to the member bodies for voting. Publication as an International

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

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

ISO 19111 was prepared by Technical Committee ISO/TC 211, Geographic information/Geomatics.

Annexes A and B form a normative part of this International Standard. Annexes C, D and E are for information only.

© I1SO 2002 — Al rights reserved \Y
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Introduction

Geographic information contains spatial references which relate the features represented in the data to positions in
the real world. Spatial references fall into two categories:

— those using coordinates;
— those based on geographic identifiers.

This International Standard deals only with spatial referencing by coordinates. Spatial referencing by geographic
identifiers is the subject of ISO 19112, Geographic information — Spatial referencing by geographic identifiers.

Coordinates are unambiguous only when the coordinate reference system to which those coordinates are related
has been fully defined. A coordinate reference system is a coordinate system which has a reference to the Earth.
This International Standard describes the elements that are necessary to define fully various types of coordinate
systems and coordinate reference systems applicable to geographic information. The subset of elements required
is partially dependent upon the type of coordinates. This International Standard also includes optional fields to
allow for the inclusion of non-essential coordinate reference system information. The elements are intended to be
both machine and human readable. A set of coordinates on the same coordinate reference system requires one
coordinate reference system description.

In addition to describing a coordinate reference system, this International Standard provides for the description of a
coordinate transformation or coordinate conversion between two different coordinate reference systems. With such
information, geographic data referred to different coordinate reference systems can be merged together for
integrated manipulation. Alternatively an audit trail of coordinate reference system manipulations can be
maintained.

vi © 1SO 2002 — All rights reserved
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Geographic information — Spatial referencing by coordinates

1 Scope

This International Standard defines the conceptual schema for the description of spatial referencing by coordinates.
It describes the minimum data required to define 1-, 2- and 3-dimensional coordinate reference systems. It allows
additional descriptive information to be provided. It also describes the information required to change coordinate
values from one coordinate reference system to another. It is applicable to producers and users of geographic
information. Although it is applicable to digital geographic data, its principles can be extended to many other forms
of geographic data such as maps, charts, and text documents.

2 Conformance requirements

This International Standard defines two classes of conformance, Class A for conformance of coordinate reference
systems and Class B for coordinate operations between two coordinate reference systems. Any coordinate
reference system claiming conformance to this International Standard shall satisfy the requirements given in
Annex A, Clause A.1. Any coordinate operation claiming conformance to this International Standard shall satisfy
the requirements given in Annex A, Clause A.2.

3 Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of
this International Standard. For dated references, subsequent amendments to or revisions of any of these
publications do not apply. However, parties to agreements based on this International Standard 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. Members of ISO and IEC
maintain registers of currently valid International Standards.

ISO 1000, S/ units and recommendations for use of their multiples and of certain other units

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

ISO 19113:—"), Geographic information — Quality principles

ISO 19114:—"), Geographic information — Quality evaluation procedures

4 Terms and definitions
For the purposes of this International Standard the following terms and definitions apply.
4.1

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

1) To be published.

© 1SO 2002 — Al rights reserved 1
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NOTE Nis 1, 2 or 3 for the purposes of this International Standard.

4.2
compound coordinate reference system
coordinate reference system using two other independent coordinate reference systems to describe a position

EXAMPLE One coordinate reference system based on a two- or three-dimensional coordinate system and the other
coordinate reference system based on a gravity-related height system.

4.3
coordinate
one of a sequence of N numbers designating the position of a point in N-dimensional space

NOTE 1 In a coordinate reference system, the numbers must be qualified by units.
NOTE 2 A coordinate operation is performed on coordinates in a source system resulting in coordinates in a target system.

4.4

coordinate conversion

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

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

NOTE A coordinate conversion uses parameters which have constant values.

4.5
coordinate operation
change of coordinates, based on a one-to-one relationship, from one coordinate reference system to another

NOTE Supertype of coordinate transformation and coordinate conversion

4.6
coordinate reference 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.

4.7
coordinate system
set of mathematical rules for specifying how coordinates are to be assigned to points

4.8

coordinate transformation

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 coordinate transformation uses parameters which are derived empirically by a set of points with known
coordinates in both coordinate reference systems.

4.9
datum
parameter or set of parameters that serve as a reference or basis for the calculation of other parameters

NOTE 1 A datum defines the position of the origin, the scale, and the orientation of the axes of a coordinate system.

2 © 1SO 2002 — Al rights reserved
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410

easting

E

distance in a coordinate system, eastwards (positive) or westwards (negative) from a north-south reference line

4.11
ellipsoid
surface formed by the rotation of an ellipse about a main axis

NOTE In this International Standard, ellipsoids are always oblate, meaning that the axis of rotation is always the minor
axis.

412

ellipsoidal height
geodetic height
h

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 a three-dimensional geodetic coordinate system and never on its own.

413

engineering datum

local datum

datum describing the relationship of a coordinate system to a local reference

NOTE Engineering datum excludes both geodetic and vertical datums.

EXAMPLE A system for identifying relative positions within a few kilometres of the reference point.
414

flattening

f

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

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

415

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

4.16
geodetic datum
datum describing the relationship of a coordinate system to the Earth

NOTE In most cases, the geodetic datum includes an ellipsoid definition.
417
geodetic latitude

ellipsoidal latitude

9
angle from the equatorial plane to the perpendicular to the ellipsoid through a given point, northwards treated as
positive

© I1SO 2002 — Al rights reserved 3



ISO/FDIS 19111:2002(E)

4.18

geodetic longitude

ellipsoidal longitude

s

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

419
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.

4.20

gravity-related height

H

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
mean sea level.

4.21

Greenwich meridian

meridian that passes through the position of the Airy Transit Circle at the Royal Observatory Greenwich, United
Kingdom

NOTE Most geodetic datums use the Greenwich meridian as the prime meridian. Its precise position differs slightly
between different datums.

4.22

height

horH

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

NOTE 1 See ellipsoidal height and gravity-related height.
NOTE 2  Height of a point outside the surface treated as positive; negative height is also called depth.

4.23
map projection
coordinate conversion from a geodetic coordinate system to a plane

4.24
mean sea level
average level of the surface of the sea over all stages of tide and seasonal variations

NOTE Mean sea level in a local context normally means mean sea level for the region calculated from observations 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.

4.25
meridian
intersection of an ellipsoid by a plane containing the semi-minor axis of the ellipsoid

NOTE This term is often used for the pole-to-pole arc rather than the complete closed figure.
4.26
northing

N
distance in a coordinate system, northwards (positive) or southwards (negative) from an east-west reference line

4 © 1SO 2002 — Al rights reserved
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4.27
polar coordinate system
coordinate system in which position is specified by distance and direction from the origin

NOTE In three dimensions also called spherical coordinate system.

4.28

prime meridian

zero meridian

meridian from which the longitudes of other meridians are quantified

4.29
projected coordinate system
two-dimensional coordinate system resulting from a map projection

4.30

semi-major axis

a

longest radius of an ellipsoid

NOTE For an ellipsoid representing the Earth, it is the radius of the equator.

4.31

semi-minor axis

b

shortest radius of an ellipsoid

NOTE For an ellipsoid representing the Earth, it is the distance from the centre of the ellipsoid to either pole.
4.32

spatial reference
description of position in the real world

NOTE This may take the form of a label, code or set of coordinates.

4.33

vertical datum

datum describing the relation of gravity-related heights to the Earth

NOTE In most cases the vertical datum will be related to a defined mean sea level based on water level observations over
a long time period. Ellipsoidal heights are treated as related to a three-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.

5 Conventions

5.1 Symbols and abbreviated terms

a semi-major axis

b semi-minor axis

C conditional

cd condition

CCRS Compound coordinate reference system

© I1SO 2002 — Al rights reserved 5
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E easting

h ellipsoidal height

M mandatory

N Number of maximal occurrence

N northing

(0] optional

SC Spatial referencing by Coordinates

SI Le Systéme International d’Unités

UML Unified Modeling Language

A geodetic longitude

1) geodetic latitude

XY, Z Cartesian coordinates in a geodetic datum
i, j, k Cartesian coordinates in a engineering datum
r, Q6 spherical polar coordinates

5.2 UML Notation

The diagrams that appear in this International Standard are presented using the Unified Modeling Language (UML)
static structure diagram with the ISO Interface Definition Language (IDL) basic type definitions and the UML Object
Constraint Language (OCL) as the conceptual schema language. The UML notations used in this International
Standard are described in Figure 1.

6 © 1SO 2002 — Al rights reserved
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Association between classes

Association name

Class #1 Class #2
role-1 role-2

Association cardinality

1 1.%
Class Exactly one Class One or more
. n
0. Class Zero or more Class Specific number
0.1 Class Optional (zero or one)
Aggregation between classes Class Inheritance (subtyping of classes)
Aggregate Superclass
class
[ [ [ | [ I
Component Component Component
class #1 class #2 class #n Subclass #1 Subclass #2 Subclass #n

Figure 1 — UML notation

6 Definition of the conceptual schema for coordinate reference systems

6.1 Introduction

Location or position on or near the Earth's surface may be described using coordinates. Coordinates are
unambiguous only when the coordinate reference system to which those coordinates are related has been fully
defined. Each position shall be described by a set of coordinates in a coordinate reference system.

Coordinates supplied in a dataset shall belong to the same coordinate reference system. A description of this
coordinate reference system shall be supplied with the dataset. Coordinate data shall be accompanied by
information sufficient to make the coordinates unambiguous. This information varies by coordinate system type and
datum type.

In the clauses below, attributes are given a requirement status:

requirement definition comment
M mandatory this attribute shall be supplied.
C conditional this attribute shall be supplied if the condition (given in the attribute description) is true.

It may be supplied if the condition is false.

(0] optional this attribute may be supplied.

The Maximum Occurrence column in following tables indicates the maximum number of occurrences of attribute
values that are permissible, with N indicating no upper limit. The conceptual schema for describing coordinate
reference systems is modelled with the Unified Modeling Language (UML) in Annex B. In case of inconsistency

© I1SO 2002 — Al rights reserved 7
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between the metadata textual description and the UML model (re: Annex B), the textual description shall prevail.
The basic data types are defined in ISO/TS 19103.

6.2 Coordinate reference system

6.2.1 Type of coordinate reference system
A coordinate reference system may be either single or compound. A single coordinate reference system is defined

in 6.2.2 and a compound coordinate reference system is defined in 6.2.3. The requirements for identifying the type
of coordinate reference system shall be in accordance with Table 1.

Table 1 — Requirements for describing the type of coordinate reference system

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum

Occur-

rence
Coordinate reference typeCode | SC_TypeCode M 1 Code denoting the type of coordinate reference system
system type code 1 — a single coordinate reference system

2 — a compound coordinate reference system

Coordinate reference remarks CharacterString (0] 1 Comments on the coordinate reference system
system remarks including source information.

To determine whether the coordinate reference system is compound or single, decision tree 1 in Annex C may be
used (see Figure C.1).

6.2.2 Single coordinate reference system

A position of a feature can be given by a set of coordinates. Coordinates are unambiguous if the coordinate
reference system to which those coordinates are related has been fully defined.

A coordinate reference system is realized by a set of coordinates. The realization is sometimes known as a
reference frame.

A coordinate reference system shall be defined by one datum and by one coordinate system, see Figure 2.

Coordinate reference system

Datum Coordinate system
Geodetic Vertical Engineering

Figure 2 — Coordinate reference system

8 © 1SO 2002 — Al rights reserved
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For the purposes of this International Standard a coordinate reference system shall not change with time. When a
reference frame changes with time a new datum and coordinate reference system shall be created, with date of
realization of the datum and coordinate reference system included in their names or identifiers.

The requirements for describing a coordinate reference system shall be in accordance with Table 2.

Table 2 — Requirements for describing a coordinate reference system

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Coordinate reference CRSID RS_identifier M 1 Identifier of the coordinate reference system.
system identifier
Coordinate reference alias CharacterString (0] N |Alternative name or identifier by which this coordinate
system alias reference system is known.
Coordinate reference validArea EX_Extent (0] 1 Area for which the coordinate reference system is valid.
system valid area
Coordinate reference scope CharacterString (0] N  |Application for which the coordinate reference system
system scope is valid.

6.2.3 Compound coordinate reference system

The horizontal and vertical components of a description of position in three dimensions may sometimes come from
different coordinate reference systems rather than through a single three-dimensional coordinate reference system.
This is always the case for positions where vertical coordinates are related to mean sea level. This shall be
handled through a compound coordinate reference system (CCRS) which identifies the two coordinate reference
systems utilized, see Figure 3. Vertical datum and gravity-related height are an example of a datum and coordinate
system for coordinate reference system 2.

Compound coordinate reference system

T

| I

Coordinate reference system 1 Coordinate reference system 2 (for vertical coordinate)
Datum 1 Coordinate system 1 Datum 2 Coordinate system 2

Figure 3 — Compound coordinate reference system

The requirements for describing a compound coordinate reference system shall be in accordance with Table 3.
Each of the two coordinate reference systems shall then be described in the normal way.

The compound coordinate reference system identifier may be a concatenation of the coordinate reference system
identifiers for the component coordinate reference systems.

© I1SO 2002 — Al rights reserved 9
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Table 3 — Requirements for describing a compound coordinate reference system

Element name UML identifier Data type Obliga- | Maxi- Description
tion mum

Occur-

rence
Compound coordinate CCRSID RS _identifier (0] 1 Identifier of the compound coordinate reference
reference system system.
identifier
Compound coordinate alias CharacterString o N |Alternative name or identifier by which this compound
reference system alias coordinate reference system is known.
Compound coordinate validArea EX_Extent 0] 1 Area for which the compound coordinate reference
reference system valid system is valid.
area
Compound coordinate scope CharacterString (0] N  |Application for which the compound coordinate

reference system scope

reference system is valid.

6.3 Datum

6.3.1 Types of datums

A datum is geodetic, vertical or engineering. A geodetic datum gives the relationship of a coordinate system to the
Earth and is used as the basis for two- or three-dimensional systems. In most cases it shall require an ellipsoid
definition. A vertical datum gives the relationship of gravity-related heights to a surface known as the geoid. The
geoid is a surface close to mean sea level. In this International Standard a datum shall be engineering if it is neither

geodetic nor vertical.

For geographic information purposes it is necessary to identify a datum, but the definition of the datum itself is

optional.

If the type of coordinate reference system is not known, decision tree 2 in Annex C may be used in the
determination of the datum type (see Figure C.2).

6.3.2 Datum description

If a coordinate reference system citation is not supplied, then a datum description in accordance with Table 4 shall

be supplied.

10
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Table 4 — Requirements for describing a datum

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Datum identifier datumID RS _identifier M 1 Identifier of the datum.
Datum alias alias CharacterString (0] N  |Alternative name or names by which this datum is
known.
Datum type type CharacterString (0] 1 Type of datum. Valid values are:
- geodetic,
- vertical, or
- engineering
Datum anchor point point CharacterString (0] 1 Description including coordinates of the point or points
used to anchor the datum to the Earth.
Datum realization epoch | realization Date (0] 1 Epoch of realization of the datum.
Epoch
Datum valid area validArea Ex_Extent 0] 1 Area for which the datum is valid.
Datum scope scope CharacterString (0] N |Application for which the datum is valid.
Datum remarks remarks | CharacterString (0] 1 Comments on the datum including source information.

When the datum type is geodetic then certain prime meridian and ellipsoid attributes as described below shall be
mandatory regardless of whether a value for datum type has been provided or not.

6.3.3 Prime meridian

A prime meridian defines the origin from which longitude values are specified. Most geodetic datums use

Greenwich as their prime meridian.

A prime meridian description shall be mandatory if the datum type is geodetic and its prime meridian is not
Greenwich and if neither coordinate reference system citation nor datum citation is supplied.

The requirements for describing a prime meridian shall be in accordance with Table 5.

Table 5 — Requirements for describing a prime meridian

Element name UML identifier Data type Obliga- | Maxi- Description
tion mum
Occur-
rence
Prime meridian meridianID RS_identifier M 1 Identifier of the prime meridian.
identifier
Prime meridian Greenwich Angle M 1 Longitude of the prime meridian measured from the
Greenwich longitude Longitude Greenwich meridian, positive eastward.
If the datum type is geodetic and the prime meridian
name is not supplied then the prime meridian name is
taken to be “Greenwich” and the prime meridian
Greenwich longitude is taken to be “0°”.
Prime meridian remarks CharacterString (0] 1 Comments on the prime meridian including source
remarks information.
6.3.4 Ellipsoid

An ellipsoid description is not required if the datum type is:

© I1SO 2002 — Al rights reserved
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a) vertical,
b) engineering or

c) geodetic and

any of the following circumstances apply:

— the coodinate reference system citation is supplied;

— the datum citation is supplied;

— the coordinate system type is Cartesian.

The requirements for describing an ellipsoid shall be in accordance with Table 6.

Table 6 — Requirements for describing an ellipsoid

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Ellipsoid identifier ellipsoidID RS _identifier M 1 Identifier of the ellipsoid for the datum.
Ellipsoid alias alias CharacterString (0] N  |Alternative name or names of the ellipsoid.
Ellipsoid semi-major semiMajor Length M 1 Length of the semi-major axis of the ellipsoid.
axis Axis
Ellipsoid shape ellipsoid boolean M 1 boolean = TRUE when the reference surface is an
Shape ellipsoid, FALSE when the reference surface is a
sphere.
Ellipsoid inverse inverse SC _inverse C 1 Inverse flattening of the ellipsoid. Unitless.
flattening Flattening Flattening Condition 1 (cd 1): Mandatory if ellipsoid shape is true.
Ellipsoid remarks remarks CharacterString (0] 1 Comments on or information about the ellipsoid.

6.4 Coordinate system

A coordinate system is described by the name, the units, the direction and sequence of the axes. Coordinates in a
set are listed according to this sequence. Coordinates based on a projected coordinate reference system are the

result of a coordinate conversion which is described in 6.5.

The coordinate system description shall be mandatory if a coordinate reference system citation is not supplied.

The requirements for describing a coordinate system shall be in accordance with Tables 7 and 8.

12
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Table 7 — Requirements for describing a coordinate system

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Coordinate system CSID RS _identifier M 1 Identifier of the coordinate system.
identifier
Coordinate system type SC_CoordinateS M 1 Type of the coordinate system. The most commonly
type ystemType used entries are:
- Cartesian
- geodetic
- projected
- polar
- gravity-related
Do not use Cartesian if the system is projected.
Coordinate system dimension Integer M 1 Number of coordinates {3,2,1} in the set.
dimension
Coordinate system remarks | CharacterString (0] 1 Comments on or information about the coordinate
remarks system.

Each coordinate system axis shall be described, the order of each axis description following the order of the
coordinates in the data set. The elements for each coordinate system axis, as described in Table 8, shall be kept
together (as in a data block), and the number of data blocks shall be equal to the value provided for coordinate
system dimension in Table 7.

Table 8 — Requirements for describing a coordinate system axis

Element name UML identifier Data type Obliga- | Maxi- Description
tion mum
Occur-
rence
Coordinate system axis| axisName | CharacterString M 1 Name of the coordinate system axis.
name
Coordinate system axis| axisDirection | CharacterString M 1 Direction of the coordinate system axes (or, in the case
direction of Cartesian or projected coordinates, the direction of
the coordinate system axis at the origin).
Examples:
north
east
up
Coordinate system axis| axisUnitID | UnitOf Measure M 1 Identifier of the unit for the coordinate system axis.

unit identifier

If the type of coordinate reference system is not known, decision tree 2 in Annex C may be used in the
determination of the coordinate system type (see Figure C.2).

6.5 Coordinate operation — coordinate conversion and coordinate transformation

6.5.1 General

This subclause describes coordinate operations to change coordinate values from one coordinate reference
system to coordinate values based on another coordinate reference system. Coordinate operation information may
be given if datasets having coordinates using different coordinate reference systems are to be merged.
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Generally the description of a coordinate operation is not required for the unambiguous identification of
coordinates. However, projected coordinates are the result of a coordinate conversion applied to geodetic
coordinates; in this special case a coordinate operation description must be part of the coordinate reference system
description.

In this International Standard, two types of coordinate operations shall be recognized:

1) A coordinate conversion changes coordinates from one coordinate system to another based on the same
datum. In a coordinate conversion the parameter values are exact.

2) A coordinate transformation changes coordinates from a coordinate reference system based on one
datum to a coordinate reference system based on a second datum. A coordinate transformation differs
from a coordinate conversion in that the coordinate transformation parameter values are derived
empirically: therefore there may be several different estimations (or realizations).

Once the parameter values are obtained, both coordinate conversion and coordinate transformation use similar
mathematical processes.

6.5.2 Coordinate conversion (including map projection)

A coordinate conversion is a one-to-one mapping of coordinates based on one coordinate reference system to
another coordinate reference system on the same datum. These coordinate conversions are widely used to provide
mapping projections of ellipsoidal coordinates to two-dimensional Cartesian coordinates. Other coordinate
conversions include conversion of the units of measure or shifting the origin of coordinate system. In this
International Standard, coordinate conversions (see Figure 4) shall be distinguished from coordinate
transformations (see Figure 5). Coordinate conversions do not change the underlying datum since they use
analytical mathematical functions which do not alter the fundamental accuracy of the coordinate values.

Coordinate conversions include:

— map projections, which is a method using mathematical functions to convert ellipsoidal coordinates (excluding
height) to two-dimensional Cartesian coordinates, or vice-versa;

— coordinate conversions of ellipsoidal coordinates (including ellipsoidal height) to three-dimensional Cartesian
coordinates, or vice-versa;

— unit changes by application of a multiplication factor (for example, metres to feet) or an algorithm (for example,
radians to degrees, minutes and seconds);

— shifting the origin of a plane to make a local grid.

Coordinates related
to target CRS
with datum 1 and
coordinate system B

Coordinates related
to source CRS
with datum 1 and
coordinate system A

Coordinate
conversion

Figure 4 — Coordinate conversion
The map projection is a special coordinate conversion of coordinate systems from the ellipsoid to the plane. For the

description of coordinates belonging to a projected coordinate system the provision of a coordinate operation
description shall be mandatory.
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6.5.3 Coordinate transformation

Coordinates may be transformed by changing them to another datum. The coordinate systems shall be of the same
type (for example, both geodetic or both Cartesian). A coordinate transformation is performed through a method
which has an algorithm. Each algorithm has a set of related parameters. Because their values are empirically
derived they depend upon the measurements used and include measurement errors. Different sets of
measurements will result in multiple sets of parameter values of a coordinate transformation between two datums.

Coordinates related
to source CRS
with datum 1 and
coordinate system A

Coordinates related
to target CRS
with datum 2 and
coordinate system A

Coordinate
transformation

Figure 5 — Coordinate transformation
A coordinate transformation description is not necessary for describing a coordinate reference system. However, it

may sometimes be useful to describe a coordinate transformation that has already been applied to the coordinates,
or a coordinate transformation from that system to a user-defined coordinate reference system.

6.5.4 Requirements for describing a coordinate operation

The requirements for describing a coordinate operation and connected terms shall be in accordance with Tables 9
and 10.

A coordinate operation description shall also be given if the coordinate system type is projected and neither a
coordinate reference system citation nor a coordinate system citation has been supplied.
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Table 9 — Requirements for describing a coordinate operation and connected terms

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Coordinate operation Coordinate RS_identifier M 1 Identifier of the coordinate operation.
identifier OperationID
Coordinate operation valid validArea EX_Extent O 1 Area for which the coordinate operation is valid.
area
Coordinate operation scope CharacterString (6] N Application for which the coordinate operation is valid.
scope
Source coordinate sourcelD RS_identifier C 1 Identifier of the source coordinate reference system.
ijertif‘ce system Condition 2 (cd 2): Mandatory if describing a coordinate
identitier transformation.
Target coordinate targetlD RS_identifier C 1 Identifier of the target coordinate reference system.
reference system
. o cd 2
identifier
Coordinate operation version CharacterString C 1 Version of the coordinate operation between the source
version coordinate reference system and the target coordinate
reference system.
cd 2
Coordinate operation methodName CharacterString C 1 Name of the algorithm used for the coordinate operation.
method name Example (in case of coordinate transformation):
- Abridged Molodenski
- Similarity transformation
Example (in case of coordinate conversion):
- Cartesian into ellipsoidal
- Universal Transverse Mercator
- Mercator
- Lambert Conformal Conic
- Albers equal area
- Stereographic
- metres to feet
- radians to degrees
Condition 3 (cd 3):
Mandatory either (i) if describing a projected coordinate
system and none of coordinate reference system citation,
coordinate system citation, or coordinate operation citation is
supplied, or (ii) if describing a single coordinate conversion or
a coordinate transformation.
Coordinate operation methodName CharacterString O N Alternative name or names of the coordinate operation
method name alias Alias method identifier.
Coordinate operation formula CharacterString M 1 Formula(s) used by the coordinate operation method.
method formula(s) This may be a reference to a publication.
Coordinate operation numberOf- Integer M 1 Number of parameters required by this coordinate operation
method number of Parameters method.
parameters
Coordinate operation remarks CharacterString (6] 1 Comments on or information about the coordinate operation

method remarks

method.
It is often useful to include an example. This may define a
time dependent parameter such as epoch.

Coordinate operation parameters shall be described following the order of coordinate operation parameters in the

data set.

When several coordinate operation parameters are being described, the elements for each parameter as detailed
in Table 10 shall be kept together in a data block, and the number of data blocks shall be the same as the value
given by coordinate operation method parameters number.

16
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Table 10 — Requirements for describing coordinate operation parameters

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Coordinate operation name CharacterString M 1 Identifier of the coordinate operation parameter that is
parameter name defined or used with this coordinate operation method.
The parameters differ among coordinate operation
methods.

Example (in case of coordinate transformation):
- geocentric X translation
- geocentric Y translation
- geocentric Z translation

Example (in case of coordinate conversion):
- latitude of origin

- longitude of origin

- scale factor

- false easting

- false northing

Coordinate operation value Measure M 1 Value of the coordinate operation parameter.
parameter value

Coordinate operation remarks | CharacterString 0] 1 Comments on or information about the coordinate
parameter remarks operation parameter.

The change of coordinates from one coordinate reference system to another coordinate reference system may
follow from a series of coordinate operations consisting of one or more coordinate transformations and/or one or
more coordinate conversions. This is called a concatenated coordinate operation. Figure 6 shows a two-step
concatenated coordinate operation. There is no upper limit to the number of steps a concatenated coordinate
operation may have. Each step is a coordinate operation described in the normal way.

6.5.5 Concatenated coordinate operation

The change of coordinates from one coordinate reference system to another coordinate reference system may
follow from a series of coordinate operations consisting of one or more coordinate transformations and/or one or
more coordinate conversions. This is called a concatenated coordinate operation. Figure 6 shows a two-step
concatenated coordinate operation. There is no upper limit to the number of steps a concatenated coordinate
operation may have. Each step is a coordinate operation described in the normal way.

Coordinates related to
intermediate CRS

Coordinates Coordinate Coordinates Coordinates Coordinate Coordinates
related to operation | related to related to operation i related to
source CRS target CRS of |source CRS of target CRS
coordinate coordinate
operation | operation Il

Figure 6 — Concatenated coordinate operation
The requirements for describing a concatenated coordinate operation are given in Table 11. Individual coordinate

operations shall be described according to Table 9 and coordinate operation parameters for individual coordinate
operations shall be described according to Table 10. The order of individual coordinate operations is significant and
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follows the order in which the steps are performed. The number of individual coordinate operations described shall
be the same as the value for concatenated coordinate operation step number.

Table 11 — Requirements for describing a concatenated coordinate operation

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Concatenated concatOplID | RS_identifier M 1 Identifier of the concatenated coordinate operation.
coordinate operation
identifier
Concatenated numberOf Integer M 1 Number of steps in the concatenated coordinate
coordinate operation Steps operation.
number of steps
Concatenated stepID Sequence M 1 Identifier for each of the steps in this concatenated
coordinate operation <RS_identifier> coordinate operation. The order is significant and
step sequence shall reflect the order in which the steps shall be
performed. The number provided shall be consistent
with the value for concatenated coordinate operation
number of steps.
Concatenated validArea EX_Extent o 1 Area for which the coordinate operation is valid.
coordinate operation
valid area
Concatenated scope CharacterString @) N |Application for which the coordinate operation is valid.
coordinate operation
scope
Concatenated remarks CharacterString 0] 1 Comments on or information about the concatenated
coordinate operation coordinate operation.
remarks

6.6 Citations

The description of class attributes can be done in two manners, the direct description or citation. The direct
description is performed according to the requirements in the tables of 6.2 to 6.5. The citation is realized by using
recognized sources. The class citation is described in ISO/TS 19103.

The requirements for describing identifiers are given in Table 12.

Table 12 — Requirements for describing identifiers

Element name UML Data type Obliga- | Maxi- Description
identifier tion mum
Occur-
rence
Identifier identifier | CharacterString M 1 Name or identifier of the class or attribute.
Citation citation Cl_Citation (0] 1 Citation.

The requirements for describing a citation are given in Table 13.

18
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Table 13 — Requirements for describing a citation

Element name UML Data type Obliga-| Maxi- Description
. - tion | mum
identifier Occur-
rence

Citation title title CharacterString M 1 Name by which the cited information is known, e.g. the
author or authors of the cited source, the title of the cited
source or publication.

Citation alternative title alternativeTitle CharacterString (6] N  |Alternative title or subtitle of cited source.

Citation date data Date M 1 Date of cited source or publication.

Citation edition edition CharacterString O 1 The number of edition.

Citation edition date editionDate Date (0] 1 Date of the edition.

Citation identifier identifier CharacterString (0] N  [Place of publication, publishing house.

Citation identifier type identifierType CharacterString O N Reference form of the identifier.

Citation cited citedResponsible Party| CI_Responsible (6] N Responsible party for citation.

responsible party Party

Citation presentation presentationForm Cl_Presentation O N Mode in which the data is presented.

form code Code FormCode

Citation series name seriesName CharacterString O 1 Name of a series of the cited source.

Citation issue issueldentification CharacterString (0] 1 Issue number of periodical.

identification

Citation collective title collectiveTitle CharacterString (0] 1 Common title with holdings note.

Citation page page CharacterString (0] 1 Details, on which pages of the periodical the article was
published.

Citation ISBN ISBN CharacterString (0] 1 International Standard Book Number.

Citation ISSN ISSN CharacterString (0] 1 International Standard Serial Number.

Citation other citation otherCitationDetails CharacterString O 1 Comments on the cited source.

details

If the identifier is a citation and the citation describes all or parts of mandatory attributes, the described attributes of
the class are optional.

6.7 Accuracy and precision of coordinates, coordinate operations, and parameters

From the viewpoint of accuracy the definition of a coordinate reference system is error-free. A coordinate reference
system is realized as the coordinates of a set of fundamental points. The accuracy of spatial referencing depends
on the accuracy of the realization of the coordinate reference system as well as the accuracy of the further
coordinate densifications.

The accuracy of the coordinate transformation between two datums depends on the accuracy of the measurements
in both coordinate reference systems. Coordinate conversions are not influenced by any errors of measuring
systems or datum parameters.

Information about the accuracy of coordinates and coordinate operation parameters and the precision of coordinate
operations is quality information and shall be reported in conformance to ISO 19113 and ISO 19114.

6.8 Attributes to describe a coordinate reference system

This clause summarizes the elements that must be provided for descriptions of datasets containing coordinate
reference systems to meet the requirements of this International Standard. In Table 14, the attributes needed to
make coordinates unambiguous are tabulated for the most frequently encountered coordinate reference system
types. Mandatory attributes are shown by a tick (v'). In most cases, it is necessary to identify the coordinate system
type and datum type before the relevant attribute set can be distinguished. A series of decision trees are provided
in Annex C to assist users of this International Standard.
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Such information may be supplied directly or, either in part or in whole, through one or more citations of an external
reference. These citations shall conform to the requirements given in 6.1 to 6.5. Some citations may not contain all
components. Where a citation contains several related components, a user shall refer only to the highest level
related component available. For example, if a citation includes both geodetic datums and their related ellipsoids, a
user shall refer only to geodetic datum entity, as ellipsoid information is obtained through the geodetic datum
information. Any citation shall include the mandatory elements for each of the components described in Table 14.

20 © 1SO 2002 — Al rights reserved



ISO/FDIS 19111:2002(E)

Table 14 — Attributes to be provided to describe a coordinate reference system

EN ¢Ah XYz rQe ijk rQe H
oA rQ ij rQ
k
Datum type: geodetic geodetic geodetic geodetic | engineering | engineering vertical
Coordinate system type: projected geodetic Cartesian spherical Cartesian spherical gravity-
polar polar related
height
Element name obligation
Coordinate reference system M v v v v v v v
identifier
Coordinate reference system O
alias
Coordinate reference system O
valid area
Coordinate reference system (6]
scope
Datum identifier M v v v v v v v
Datum alias O
Datum type O
Datum anchor point O
Datum realization epoch O
Datum valid area O
Datum scope (6]
Datum remarks (6]
Prime meridian identifier M v v 4 4
Prime meridian Greenwich M v v v v
longitude
Prime meridian remarks O
Ellipsoid identifier M 4 4 v
Ellipsoid alias o
Ellipsoid semi-major axis M v 4 v
Ellipsoid shape M v 4 v
Ellipsoid inverse flattening cd 1 v v v
Ellipsoid remarks o
Coordinate system identifier M v v v v v v v
Coordinate system type M v v 4 v v v v
Coordinate system dimension M v v 4 v v v v
Coordinate system remarks (0]
Coordinate system axis name M v 4 4 v 4 v v
(see Note 3)
Coordinate system axis M 4 4 v v v v v
direction (see Note 3)
Coordinate system axis unit M v v 4 4 4 v v
identifier (see Note 3)
Coordinate operation identifier M v
Coordinate operation valid O
area
Coordinate operation scope O
Source coordinate reference cd 2
system identifier
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Table 14 (continued)

EN oA h XYZzZ rQe ijk rQoe H
oA rQ ij rQ
k
Datum type: geodetic geodetic geodetic geodetic | engineering | engineering| vertical
Coordinate system type: projected geodetic Cartesian spherical Cartesian spherical gravity-
polar polar related
height
Element name obligation
Target coordinate reference cd2
system identifier
Coordinate operation version cd2
Coordinate operation method cd 3 4
name
Coordinate operation method O
name alias
Coordinate operation method M v
formula(s)
Coordinate operation method M 4
parameters number
Coordinate operation method O
remarks
Coordinate operation M v
parameter name
Coordinate operation M v
parameter value
Coordinate operation (0]
parameter remarks

NOTE 1 The coordinate operation requirements listed here refer to a description of a projected coordinate reference system.

NOTE 2 Conditions are as follows:
cd1 — Mandatory if an ellipsoid shape is true.
cd2 — Mandatory if describing a coordinate transformation.
cd3 — Mandatory if describing either (i) a projected coordinate system and none of coordinate reference system
citation, coordinate system citation, or coordinate operation citation is supplied, or (ii) a single coordinate conversion
or a coordinate transformation

NOTE 3  Each of the three elements coordinate system axis name, coordinate system axis direction and coordinate system
unit identifier must be repeated for each axis.
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Annex A
(normative)

Conformance

A.1 Class A - Conformance of a coordinate reference system

A.1.1 Abstract test suite

To check that a coordinate reference system is in conformance with this International Standard, check that it
satisfies the requirements given in A.1.2 to A.1.5. For coordinate reference system descriptions, conformance shall
be tested against the mandatory and conditional elements (where the condition is true) that are listed in 6.2, 6.3,
6.4 and 6.8. If the type of coordinate system is projected, the test shall be extended to the mandatory elements and
conditional element attributes (where the condition is true), as required by 6.5.

A.1.2 Test case identifier:- Completeness test

a) Test purpose: To determine whether all of the relevant entities and elements which are specified to be
mandatory or mandatory under the conditions specified have been provided in the description.

b) Test method: Check the coordinate reference system to ensure that the coordinate reference system
description includes as a minimum all of the elements indicated as mandatory for that type of system in Tables
1-8 and in the case of projected coordinate reference systems additionally Tables 9 and 10.

c) Reference: 6.2 to 6.4 and in the case of projected coordinate reference systems additionally 6.5.

d) Test type: Basic.

A.1.3 Test case identifier: Maximum occurrence test

a) Test purpose: To ensure each coordinate reference system element occurs not more than the number of times
specified in the standard.

b) Test method: Examine the subject coordinate reference system for the number of occurrences of each entity
and element provided to ensure that the number of occurrences for each shall be not more than the 'Maximum

Occurrences' attribute specified in 6.2 to 6.4 and in the case of projected coordinate reference systems
additionally 6.5.

c) Reference: 6.2 to 6.4 and in the case of projected coordinate reference systems additionally 6.5.

d) Test type: Basic.

A.1.4 Test case identifier: Data type test
a) Test purpose: To determine if each coordinate reference system in the dataset uses the specified data type.

b) Test method: Check the data type of each element of the description of a coordinate reference system to
ensure that it is of the data type specified in 6.2 to 6.4 and in the case of projected coordinate reference
systems additionally 6.5.

c) Reference: 6.2 to 6.4 and in the case of projected coordinate reference systems additionally 6.5.
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d) Test type: Basic.

A.1.5 Test case identifier: Unit test

a) Test purpose: To ensure that the units shall be in agreement with ISO 1000.

b) Test method: Check that any units of elements conform to ISO 1000.

c) Reference: 6.2 to 6.4 and in the case of projected coordinate reference systems additionally 6.5.

d) Test type: Basic.

A.2 Class B - Conformance of a coordinate operation

A.2.1 Abstract test suite

To check that a coordinate operation is in conformance with this International Standard, check that it satisfies the
requirements given in A.2.2 to A.2.5.

A.2.2 Test case identifier: Completeness test

a) Test purpose: To determine whether all of the relevant, entities and elements which are specified to be
mandatory or mandatory under the conditions specified have been provided in the description.

b) Test method: Check the coordinate operation description includes all of the elements indicated as mandatory in
Tables 9-11.

c) Reference: 6.5.

d) Test type: Basic.

A.2.3 Test case identifier: Maximum occurrence test

a) Test purpose: To ensure each coordinate operation element occurs not more than the number of times
specified in the standard.

b) Test method: Examine the coordinate operation dataset for the number of occurrences of each entity and
element provided to ensure that the number of occurrences for each shall be not more than the 'Maximum
Occurrences' attribute specified in Tables 9-11.

c) Reference: 6.5.

d) Test type: Basic.

A.2.4 Test case identifier: Data type test
a) Test purpose: To determine if each coordinate operation element in the dataset uses the specified data type.

b) Test method: Check the data type of each element of the description of a coordinate operation to ensure that it
is of the data type specified in Tables 9-11.

c) Reference: 6.5.

d) Test type: Basic.

24 © 1SO 2002 — Al rights reserved



ISO/FDIS 19111:2002(E)

A.2.5 Test case identifier: Unit test

a) Test purpose: To ensure that the units shall be in agreement with ISO 1000.
b) Test method: Check that any units of elements conform to ISO 1000.

c) Reference: 6.5.

d) Test type: Basic.
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Annex B
(normative)

UML schemas

B.1 UML schema for describing coordinate reference systems

<<Abstract>>
<<enumeration>> RS_ReferenceSystem
SC_KindCode (from Reference system)
+ generalCase : Integer = 1 +name : RS_Identifier
+ compound : Integer = 2 + domainOfValidity [0..*] : EX_Extent
<<enumeration>>
<<DataType>> SC_CoordinateSystemType
RS_Identifier .
T (from Reference system) <<Abstract>> : g:g;:t:in
name.is lype authority [0..1] : CI_Citation SC_CRS !
Of(CI_Citation)= : csde [(I)y1[] H C]haraglelrStlrin . . + projected
(other N codeSp;cel [0.1]- CharactgrString + kindCode : SC_KindCode + polar
o ks [0..1] : Ch: terStri i
+ version [0..1] : CharacterString -+ remarks [0..1] : CharacterString + gravityRelated
[ ]
SC_CoordinateReferenceSystem SC_CompoundCRS
requires +ors |+ CRSID : RS_Identifier 2 kindCode + CCRSID [0..1] :RS_Identifier
q >+ alias [0..*] : CharacterString + alias [0.."] : CharacterString
+ validArea[0..1] : EX_Extent P — + validArea[0..1] :EX_Extent
+ scope [0..*] : CharacterString require: + scope [0..*] : CharacterString
+datum 0..1
+theSC_CoordinateSystem
SC_Datum -
[+ datumiD : RS_Identifier SC_CoordinateSystem
+ alias [0..*] : CharacterString + CSID :RS_lIdentifie
+ type [0..1] : CharacterString + g{pe :SQ,CoIordinateSystemType
+ point [0..1] : CharacterString + dimension : Integer
+ realizationEpoch [0..1] : Date + remarks [0..1] : CharacterString
+ validArea [0..1] : EX_Extent
+ scope [0..*] : CharacterString
+ remarks [0..1] : CharacterString has
(type = projection) implies
ZF (Cartesian.count =1)
(type = geodetic) implies
(ellipsoid.count = 1)
_ {ordgred}
+axis 1.3
SC_EngineeringDatum | | SC_VerticalDatum | | SC_GeodeticDatum SCfCoordmateSystemAX{s
[ 1 | 1 [ | + axisName : CharacterString
L . ] ] + axisDirection : CharacterString
| + axisUnitID : UnitOfMeasure
+ellipsoid | 1 0.1 Jrellipsoid
+primeMeridian 1 SC_Ellipsoid

+ ellpsoidID : RS_identifier

SC_PrimeMeridian + alias [0..*] : CharacterString

+ meridianID : RS_identifier + semiMajorAxis : Length
+ GreenwichLongitude : Angle + ellpsoidShape : Boolean
+ remarks [0..1] : CharacterString + inverseFlattening [0..1] : SC_InverseFlattening

+ remarks [0..1] : CharacterString

\ <<Union>>
(primeMeridian <> "Greenwich") impli SC_lInverseFlattening
(GreenwichLongitude.count =1) name.isTypeOf(CI_Citation) = + inverseFlattening : Real
(semiMajorAxis.isEmpty) = + isInfinite : Boolean = TRUE

(inverseFlattening.isEmpty)

EX_Extent
(from Extent)

+ description[0..1] : CharacterString

Figure B.1 — UML schema for describing coordinate reference systems
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B.2 UML schema for describing coordinate operations

CC_operation.isTheCC_transformation)
implies (version.count=1)

CC_ConcatenatedOperation

CC_Operation + concatOplD [0..1] : RS_Identifier
+ numberOfSteps : Integer

{ordered} has 0.* + steplID : Sequence<RS_Identifiers
- + validArea [0..1] : Ex_Extent

+ operationID : RS_lIdentifier
+ validArea [0..1] : EX_Extend
+ scope [0..] : CharacterString +step 1.7 + scope [0..*] : CharacterString

+ sourcelD [0..1] : RS_identifier +sequence X 4

+ targetiD [0..1] : RS_identifier + remarks [0..1] : CharacterString
+ version [0..1] : CharacterString
+ methodName [0..1] : CharacterString has
+ methodNameAlias [0..*] : CharacterString
+ formula : CharacterString

- numberOfParameters : Integer
+ remarks [0..1] : CharacterString
Z% 1.* | +parameters
+source
+target | CC_OperationParameters
1 + name : CharacterString
<<Abstract>> + value : Measure
CC_Transformation CC_Conversion SC_CRS + remarks [0.1] : CharacterString
(from Spatial Referencing by Coordinates)

Figure B.2 — UML schema for describing coordinate operations
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Annex C
(informative)

Decision trees

C.1 Decision tree 1 (Coordinate reference system kind)

28

Do you Is the
know if your coordinate
data belongs to a No system three- No
CRS or dimensional?
CCRS?
Yes Yes
Is one of the No
coordinates
a height?
Yes
Consult No Do you know
a geodetic the reference
expert surface for the
height?
Yes
Do the Is the
data height referenced
bgllggg toa to the ellipsoid
ora ;
CCRS? vertical Orda ;/echal
CRS datum atum
CCRS

V ellipsoid Y Y

You have a CCRS. The value for the
CRS kind code is “2”. If the CCRS is in
a recognized source enter the ccrs_id

and the ccrs_citation, otherwise for
each of the horizontal and vertical

CRS’s go separately to decision tree 2.

You have a CRS. The value for the

CRS kind code is “1”. If the CRS is in a

recognized source enter the crs_id and
the ccrs_citation, otherwise go to
decision tree 2.

Figure C.1 — Decision tree 1 — kind of coordinate reference system
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Do you
Yes know to which
kind of CRS your
coordinates
belong?
Note: This includes projected coordinates, for example UTM coordinates
No
)4
Are the Is there
coordinates No only one Yes
related to the v coordinate
ellipsoid? axis?
Yes
.4
cooDrct)jitr:]aeies Are all
: : Yes of the No
include Igt'tUde > coordinate values
| a? de? in linear
ongitude? units?
No
Are the
coordinates coordinates Is the
related to the related to the height referenced
Earth center? Earth center? to a vertical
datum?
Yes Yes
v v
You have a You have a
You have a You have a You have a CRS of kind You have a CRS of kind You have a
CRS‘ of kind CRS of k_ind CRS of k_ind geodetic CRS_ of kjnd engineering CRS o_f kind
projected geodetic geodetic spherical engineering spherical vertical
Cartesian polar Cartesian polar
v \4 \4 A\ 4 \4 \4 \4 \4
Tk
oArh rQe Y rQe
EN oA XYz ro i kj ro H
Datum type: geodetic geodetic geodetic geodetic engineering | engineering vertical
Coordinate projected geodetic Cartesian spherical Cartesian spherical gravity rela-
system type: polar polar ted height

Figure C.2 — Decision tree 2 — type of coordinate reference system
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Annex D
(informative)

Geodetic relationships

D.1 Coordinate reference system — coordinate conversion and coordinate transformation
Figure D.1 shows three different coordinate reference systems:

— Coordinate reference system 1 (datum 1, coordinate system A),

— Coordinate reference system 2 (datum 1, coordinate system B),

— Coordinate reference system 3 (datum 2, coordinate system A).

CRS 1 CRS 3
Coordinate
Datum 1 transformation | Datum 2

Coordinate system A Coordinate system A

Coordinate
conversion

h 4

CRS 2

Coordinate
transformation Il

Datum 1 (concatenated operations)

Coordinate system B

Figure D.1 — Coordinate conversion and coordinate transformation

A coordinate conversion is used to change from coordinate reference system 1 to coordinate reference system 2,
both of which are based on datum 1. A coordinate transformation is used to change from coordinate reference
system 1 to coordinate reference system 3 which both use the same coordinate system but are based on different
datums. A different coordinate transformation is used to change values directly from coordinate reference system 2
to coordinate reference system 3 which again are both based on different datums. The change from coordinate
reference system 2 to coordinate reference system 3 may also be described as a concatenation coordinate
operation consisting of the coordinate conversion plus coordinate transformation 1.
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D.2 Coordinate conversion — relationship between ellipsoidal and Cartesian coordinates

To determine the position of a point in space, a three-dimensional coordinate reference system is necessary. Each
reference system can be mapped into infinitely many curvilinear coordinate systems. Coordinate systems establish
the ordered relation between physical points in space and real numbers (coordinates).

4

P (Xp, Yp, Zp)

Figure D.2 — Cartesian coordinates

In modern three-dimensional geodesy, the three-dimensional Cartesian coordinate system is applied for global
tasks. It is defined by three orthogonal coordinate axes which form a right-handed system. The X, Y, Z coordinate
axes intersect each other at the origin of the coordinate system, see Figure D.2.

The coordinate lines of the ellipsoidal coordinate system are curvilinear lines on the surface of the ellipsoid see
Figure D.3. They are called parallels at constant latitude (¢) and meridians for constant longitude (A).

When the ellipsoid is related to the shape of the Earth, the ellipsoidal coordinates are named geodetic coordinates.
Traditionally an alternative to geodetic coordinates have been astronomical latitude and astronomical longitude.
Geographic coordinates is the generic term including astronomical latitude and astronomical longitude as well as
geodetic latitude and geodetic longitude. Since astronomical observations have been taken over by satellite based
methods, in most cases today the term geographic coordinates implies geodetic coordinates.

;

Zero meridian Local meridian

» Y

Equator

Figure D.3 — Cartesian coordinates and ellipsoidal coordinates
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If the origin of a right-handed Cartesian coordinate system coincides with the centre of the ellipsoid, the Cartesian
Z-axis coincides with the axis of rotation of the ellipsoid and the positive X-axis passes through the point ¢ =0, 4 =
0, then the following formula converts ellipsoidal coordinates to geocentric Cartesian coordinates:

X7 [N +h]cos pcos 4
Y |=|[N +h]cosgsind
z [N(1-e?)+ h]sing

with the radius of curvature in the prime vertical (perpendicular to the meridian)
N =a(1-e?sin’ o)

and the first numerical eccentricity of the ellipsoid
e= (2f -1 )1/2 where f =(a—b)/b is flattening of the ellipsoid.

The following method converts geocentric Cartesian coordinates to ellipsoidal coordinates:
A= arctanl
X

(4 is outside the range -90 degrees to +90 degrees if X is negative)
and

Z
(1-e?)x? +Y?)

¢, = arctan =

Solve for ¢ and h by iteration through

-1/2

N, = a(1 —-e’sin’ (pM)

Py 2 \172

h. :M—N, for |¢,| < 45° and h, = — Z —(1-e*)N, for |g,| > 45°
Cos 9, , sing,

@, =arctan !

(xz+ye)? &N,

N, +h,

D.3 Coordinate transformation
In general, the parameters of coordinate transformations are determined from coordinates of sets of points which
belong to the realization of both coordinate reference systems. In general, they are approximate, and their validity
may be restricted to a particular region.

The most widely used coordinate transformations are similarity transformations, where the two coordinate
reference systems differ only by their position and orientation in space and by their scale.

The similarity transformation is conformal. It can be performed on Cartesian coordinates as well as on ellipsoidal
coordinates.
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Although some similarity transformations from source datum S to target datum T use only 3 parameters (T4, T», T3),
the generic 7-parameter formula takes the following form:

X x] [T o -R R,][X X T][1+D -R, R, [X
Y| =ly| 4T,4{/ R, 0 =R/||Y| +D|Y| =|T,H R, 1+D -R ||Y
V4 z T.||-R, R 0 ||z V4 T.||-R, R 1+D||Z

M () 3 2 () (s) 3 ()
As the coordinate transformation equation is the result of an approximation of a strict formula, the rotations Rq, R,

R5; must be small.

The value of the three translations T;, T,, T3 along the coordinates axes X, Y, Z, the three rotations R4, R,, Rz, and
the scale correction D are established by minimizing the residuals between the coordinates of identical points in
coordinate reference systems (S) and (T). Identical points means identical in space and time. Within the similarity
transformation, movements of points are neglected; these movements are reflected in the residual deviations after
the adjustment. The relation of Cartesian coordinates used in the coordinate transformation to ellipsoidal
coordinates is given by formulas in Clause D.2.

A special case of a coordinate transformation is a longitude shift. This occurs between datums which are identical
except for their prime meridians. One example is the longitude shift between the Carthage datum with Prime
Meridian Paris and the Carthage datum with prime meridian Greenwich.

D.4 Coordinate conversion — map projection

The geodetic coordinates (¢, 4, h) refer to the curved surface of the ellipsoid. For mapping purposes, the necessary
projection onto the plane (see Figure D.4) can be performed by different projection methods. Doubly curved
surfaces are always distorted when mapped onto a plane. Mappings of ellipsoid or sphere into the plane can be
isogonal (conformal) or area-preserving. Length-preserving mapping, where scale is the same in all directions, is
not possible. A map projection is a mathematical mapping of an ellipsoid, or part of an ellipsoid, to a plane. A
projection will have an associated reference point called the projection origin for the region being mapped. This will
be the origin "O" of the reference frame in the plane.

Mathematically, if a point P" is identified by its geographic coordinates (¢, 4) on the ellipsoid and by its Cartesian
coordinates (N, E) in an orthogonal reference frame (O, N, E) of this plane, a map projection is defined by 2
functions fand g such that:

N=f(pA)

E=g(p4)

It can be deduced that the position of any point P in space can be represented by the 3-dimensional coordinates
(N, E, h), based on a datum and a map projection.

Let us consider N as northing and E as easting, which are directly available only for either direct or transverse map

projections. In the special case of an oblique map projection, there are initial plane coordinates (X, Y) which are
related to (E,N) by rotation.
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Figure D.4 — Map projection

D.5 The geoid and heights

The Earth’s gravity field is expressed through its gravity potential W which includes both gravitational effect and
centrifugal effect. The gravity vector is defined by:

g = gradW

The modulus of g is the gravity g, and its spherical directions ¢ (astronomical latitude), and A (astronomical
longitude) are the astronomical coordinates with respect to the conventional terrestrial reference system (CTS).

The geoid is an equipotential surface of the Earth's gravity field which globally approximates mean sea level. In
practice, the expression “closely approximates mean sea level" allows consideration of slightly different
equipotential surfaces as geoid models.

Due to multiple geophysical phenomena, the geoid is not an ellipsoid. It cannot be expressed by any simple
mathematical description.

Let the geopotential number cp be the difference in gravity potential between the geoid and the equipotential
surface of the point P:

w w

P geoid ~ 'Vp

C

cp is expressed in m?/s?.

Height is a number expressing the distance between a point P and a horizontal reference surface, see Figure D.5.
In the definition of the ellipsoidal height h, the reference surface is an ellipsoid. But the heights in geographic
information systems over continents uses the geoid as reference surface. More precisely, heights are defined using
the geopotential number cp according to the three following choices:

— orthometric height where H, =c./g where g is the mean gravity value along the plumb line of the Earth
gravity field between the point and the geoid;

— normal height H, =c./7 where ¥ is the mean gravity value along the plumb line of the normal gravity field

between the ellipsoid and the point where the normal potential is equal to the actual potential at the calculation
point;
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— dynamic height H, =c, /g, where g, is an arbitrarily-agreed gravity value. g, can be a normal gravity value

in some standard latitude (in general, it is 45° or the average latitude of the surveying area). The dynamic
height is closely related to the geopotential number.

Orthometric heights and normal heights are gravity-related heights.

NOTE In some countries where sufficient gravity data are not available, normal orthometric height is used as an
approximation of orthometric height.

Surface of
the Earth

Geoid

Gravity-related
height (H)

Elllipsoidal height
(h)

Ellipsoid

- o g,
-

—

-

Geoid height

- M

Ellipsoidal height (h) is measured from ellipsoid
along perpendicular passing through point. N

Gravity-related height (H) is measured along
direction of gravity from vertical datum plane at geoid.

Geoid height (N) = height of geoid above ellipsoid.

h=H+N 1

Figure D.5 — Ellipsoidal and gravity-related heights
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Annex E
(informative)

Examples

Several examples are given below to illustrate how this International Standard can be applied when defining a
coordinate reference system to which coordinates are referred. The data to be provided as a minimum to conform
to this International Standard is shown in bold.

The following examples are given:

E.1  Projected coordinate reference system with all required attribute values referenced in a citation.
E.2  Projected coordinate reference system with all defining data given in full.

E.3  Geodetic 3-dimensional coordinate reference system (latitude, longitude and ellipsoidal height).

E.4  Geocentric 3-dimensional coordinate reference system (X, Y, 2Z)

E.5 Compound coordinate reference system using latitude, longitude and gravity-related height. The horizontal
coordinate reference system datum description is referenced to a citation whilst the horizontal coordinate
system and the vertical coordinate reference system are fully described.

E.6  Coordinate transformation.

E.7 Compound coordinate reference system using Cartesian X, Y, Z and gravity-related height. The compound
coordinate reference system is fully described.

E.8 A geoid height model described by a coordinate operation.

E.9 Creation of a stereo model with two overlapping images as a concatenated coordinate operation.

Example E.1: Projected coordinate reference system with all required attribute values referenced in a citation.

Element name Entry Comment
Coordinate reference system kind code 1 This is a single coordinate reference system.
Coordinate reference system identifier 26734 This is the code for the system in the citation.
Coordinate reference system citation title EPSG v4.0 This citation defines all of the datum, coordinate

system and coordinate conversion information
for this coordinate reference system.

Coordinate reference system citation date 1998

Coordinate reference system alias NAD27/Alaska zone 4 This is the name for the system in the EPSG
citation. Provision of this field is not mandatory.
However it provides the coordinate reference
system name in a recognizable form and acts as
a check that the correct coordinate reference
system identifier has been provided.
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Example E.2: Projected coordinate reference system with all defining data given in full.

Element name Entry Comment
Coordinate reference system kind code 1 This is the general case of a coordinate
reference system
Coordinate reference system identifier NAD27 / Alaska zone 4
Datum identifier NAD27
Datum alias North American datum of 1927 |An optional entry.
Datum type geodetic An optional entry.

Datum anchor point

Meades Ranch, Kansas

An optional entry.

Datum remarks

Consult NGS documentation for
datum definition.

An optional entry.

Prime meridian identifier Greenwich Because the value for this attribute is
"Greenwich" it is not essential to provide the
information.

Prime meridian Greenwich longitude 0 degree Because the value for the prime meridian
identifier attribute is "Greenwich" it is not
essential to provide the prime meridian
Greenwich longitude information.

Ellipsoid identifier Clarke 1866

Ellipsoid semi-major axis 6378206.4 m

Ellipsoid shape true

Ellipsoid inverse flattening 294.9786982

Coordinate system identifier

Transverse Mercator

Coordinate system type projected
Coordinate system dimension 2
Coordinate system axis name N
Coordinate system axis direction north
Coordinate system axis unit identifier US Survey foot
Coordinate system axis name E
Coordinate system axis direction east

Coordinate system axis unit identifier

US Survey foot

Coordinate operation identifier

Transverse Mercator

Coordinate operation method formula

USGS Professional Paper 1395

Coordinate operation method parameter number

5

Coordinate operation parameter name

latitude of origin

Coordinate operation parameter value

54 degree

Coordinate operation parameter name

longitude of origin

Coordinate operation parameter value

-150 degree

Coordinate operation parameter name

scale factor

Coordinate operation parameter value

0.9999

Coordinate operation parameter name

false easting

Coordinate operation parameter value

500000 US Survey foot

Coordinate operation parameter name

false northing

Coordinate operation parameter value

0 US Survey foot
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Example E.3: Geodetic 3-dimensional coordinate reference system (latitude, longitude and ellipsoidal height).

Element name

Entry

Comment

Coordinate reference system kind code

1

This is a single coordinate reference system

Coordinate reference system identifier

WGS84/(g, A, h)

Datum identifier WGS84 As an ellipsoid is described the datum type can
be inferred to be geodetic. Because the datum
type is geodetic and no prime meridian is
identified, the prime meridian is taken to be

Ellipsoid identifier WGS84

Ellipsoid semi-major axis 6378137.0 m

Ellipsoid shape true

Ellipsoid inverse flattening 298.257223563

Coordinate system identifier

geodetic coordinate system

Coordinate system type geodetic
Coordinate system dimension 3
Coordinate system axis name latitude
Coordinate system axis direction north
Coordinate system axis unit identifier degree
Coordinate system axis name longitude
Coordinate system axis direction east
Coordinate system axis unit identifier degree

Coordinate system axis name

ellipsoidal height

Coordinate system axis directions

up

Coordinate system axis unit identifier

m
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Example E.4: Geocentric 3-dimensional coordinate reference system (X, Y, 2Z).

Element name Entry Comment
Coordinate reference system kind code 1 This is a single coordinate reference system
Coordinate reference system identifier ECR
Datum identifier WGS84
Datum type geodetic This coordinate reference system has a geodetic
datum but because it has a Cartesian
coordinate system an ellipsoid description is not
mandatory.
Coordinate system identifier geodetic coordinate system
Coordinate system type Cartesian
Coordinate system dimension 3
Coordinate system axis name X
Coordinate system axis direction From the centre of mass of the
Earth to the intersection of the
equator and the Greenwich
meridian
Coordinate system axis unit identifier m
Coordinate system axis name Y
Coordinate system axis direction From the centre of mass of the
Earth 90° eastward along the
equator from the Greenwich
meridian
Coordinate system axis unit identifier m
Coordinate system axis name V4
Coordinate system axis direction From the centre of mass of the [Completes a right-handed, orthogonal
Earth to the north pole/pole of |coordinate system.
Earth rotation
Coordinate system axis unit identifier m
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Example E.5: Compound coordinate reference system using latitude, longitude and gravity-related height. The
horizontal coordinate reference system datum description is referenced to a citation whilst the horizontal coordinate
system and the vertical coordinate reference system are fully described.

Element name Entry Comment
Coordinate reference system kind code 2 This is a compound coordinate reference system
Compound coordinate reference system identifier OSGB36 + ODN
Coordinate reference system 1 identifier OSGB36

Coordinate system identifier

geodetic coordinate system

Coordinate system type geodetic
Coordinate system dimension 2
Coordinate system axis name latitude
Coordinate system axis direction north
Coordinate system axis unit identifier rad
Coordinate system axis name longitude
Coordinate system axis direction east
Coordinate system axis unit identifier rad

Coordinate reference system 2 identifier

Ordnance datum Newlyn

Datum identifier

Ordnance datum Newlyn

Datum type

vertical

Coordinate system identifier

orthometric height

Coordinate system type

gravity-related height

Coordinate system dimension

1

Coordinate system axis name height
Coordinate system axis direction up
Coordinate system axis unit identifier m

40

© ISO 2002 — Al rights reserved




Example E.6: Coordinate transformation.
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Element name Entry Comment
Coordinate operation identifier WGS84 to ED50 NIMA 1993 mean
Europe

Coordinate operation valid area

MEAN FOR Austria; Belgium;
Denmark; Finland; France;
Germany (west); Gibraltar; Greece;
Italy; Luxembourg; Netherlands;
Norway; Portugal; Spain; Sweden;
Switzerland

Source coordinate reference system identifier

WGS84/(X, Y, 2)

Target coordinate reference system identifier

ED50/(X, Y, 2)

Coordinate operation version

NIMA 1993 mean Europe

This is one of several coordinate

transformations between the source and target

coordinate reference systems.

Coordinate operation method identifier

geocentric translations

Coordinate operation method formula

See NIMA TR8350.2.

Coordinate operation method parameter number

3

Coordinate operation method remarks

See NIMA TR8350.2.

Coordinate operation parameter identifier

X-axis translation

Coordinate operation parameter value

87 m

Coordinate operation parameter identifier

Y-axis translation

Coordinate operation parameter value

98 m

Coordinate operation parameter identifier

Z-axis translation

Coordinate operation parameter value

121 m
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Example E.7: Compound coordinate reference system using geodetic Cartesian X, Y, Z and gravity-related height.
The compound coordinate reference system is fully described.

Element name Entry Comment
Coordinate reference system kind code 2
Compound coordinate reference system identifier EUVN
Compound coordinate reference system remarks Full name: European Vertical

Reference Network

Coordinate reference system 1 identifier ETRS89/(X, Y, Z)
Coordinate reference system valid area Europe
Datum identifier ETRS89
Datum type geodetic Although this coordinate reference system has a

geodetic datum and a Cartesian coordinate
system, an ellipsoid description has optionally

been given.
Datum realization epoch 1997.5
Ellipsoid identifier GRS80
Ellipsoid semi-major axis 6378137.0 m
Ellipsoid shape true
Ellipsoid inverse flattening 298.257222101
Coordinate system identifier Cartesian coordinate system
Coordinate system type Cartesian
Coordinate system dimension 3
Coordinate system axis name X
Coordinate system axis direction From the centre of the ellipsoid

to the intersection of the
equator and Greenwich meridian

Coordinate system unit identifier m
Coordinate system axis name Y
Coordinate system axis direction From the centre of the ellipsoid

to the intersection equator and
the 90 degree east meridian

Coordinate system unit identifier m

Coordinate system axis name z

Coordinate system axis direction From the centre of the ellipsoid
to the geographic north pole

Coordinate system unit identifier m

Coordinate reference system 2 identifier UELN-95

Datum identifier UELN-95/98

Datum type vertical

Datum anchor point Amsterdam

Coordinate reference system valid area Europe

Coordinate system identifier normal height

Coordinate system type gravity-related

Coordinate system dimension 1

Coordinate system axis name height

Coordinate system axis direction up

Coordinate system unit identifier m
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Example E.8: A geoid height model described by a coordinate operation.
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Element name Entry Comment
Coordinate operation identifier EGG97 European Gravimetric Geoid 1997
Coordinate operation valid area Europe

Coordinate operation scope

coordinate transformation of
gravity-related heights to
ellipsoidal heights

Citation title

Denker, H., Torge, W.: The
European Gravimetric
Quasigeoid EGG97 - An IAG
supported continental
enterprise.

Citation date

1998

Citation identifier

Springer-Verlag, Berlin -
Heidelberg - New York

Citation collective title

In: R. Forsberg, M. Feissel, R.
Dietrich (eds.), Geodesy on the
Move - Gravity, Geoid,
Geodynamics, and Antarctica, IAG
Symp. Proceedings

Citation issue identification

Volume 119

Citation ISBN

3-540-64605-1

Citation other citation details

pages 249-254

Source coordinate reference system identifier UELN United European Levelling Network
Target coordinate reference system identifier ETRS European Terrestrial Reference System
Coordinate operation version 1997

Coordinate operation method formula

ETRS UELN GG97
HETRS = HYELN 4+ NF
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Example E.9: Creation of a stereo model with two overlapping images as a concatenated coordinate operation.

Element name

Entry

Comment

Concatenated coordinate operation identifier

double-image analytic
photogrammetric coordinate
operation

Concatenated coordinate operation step number

2

Citation title

Wang Zhizhuo: Principles of
Photogrammetry (with Remote
Sensing)

Citation date

1990

Citation identifier

Press of Wuhan Technical
University of Surveying and
Mapping

Citation page

27-48

Citation ISBN

7-81030-000-8

Coordinate operation identifier

relative orientation of an image
pair

Source coordinate reference system identifier

two 2-D engineering CRS

image coordinate systems
(x4, y1), (X2, ¥2)

Target coordinate reference system identifier

3-D engineering CRS

Cartesian space coordinate system origin in
projection centre of image 1 (u, v, w),
u-direction from projection centre 1 to projection
centre 2

distance is by (in u-direction)

Coordinate operation method name

photogrammetric angles by
adjustment and linearisation of
rotation matrix and iteration

Coordinate operation parameter name

(Pla (PZ
K %,
(02
b

u

o: longitudinal tilt
K: swing angle
: lateral tilt

b,: base

Coordinate operation identifier

absolute orientation of the model

Source coordinate reference system identifier

3-D engineering CRS

target of coordinate operation_1 "relative
orientation of an image pair"

Target coordinate reference system identifier

WGS84

Coordinate operation method name

translation, rotation, scaling

parallel shifting (to the ground point) translation,
rotation, scaling by a 7-parameter coordinate
transformation

Coordinate operation parameter name

focal length, flight height

focal length, flight height are given computation
of the 7 parameters by adjustment
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