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Foreword

ISO (the Inte

rnational Organization for Standardization) is a worldwide federation of national standards bodies

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

non-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 19111 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting:-“Publication gs an

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

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

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

Geographic information contains spatial references which relate the features represented in the data to

positi

t

ons in the real world. Spatial references fall into two categories:

hose using coordinates;

— onse based on geographic identifiers.

This
geog
geog

Coor
relatq
the B
of co|
elem

International Standard deals only with spatial referencing by coordinates. Spatial re
raphic identifiers is the subject of 1SO 19112, Geographic information — (Spatial re
Faphic identifiers.

d has been fully defined. A coordinate reference system is a coordinate"system which has g
arth. This International Standard describes the elements that are nécessary to define fully

brdinate systems and coordinate reference systems applicable fo geographic information. T
bnts required is partially dependent upon the type of coordinates. This International S

includles optional fields to allow for the inclusion of non-essential éoordinate reference system infg

elem

bnts are intended to be both machine and human readable>A set of coordinates on the san

refer¢gnce system requires one coordinate reference system description.

In adldition to describing a coordinate reference system, this International Standard prov

desc

iption of a coordinate transformation or coordinate conversion between two differen

refergnce systems. With such information, geographic data referred to different coordinate refers

can b
mani

e merged together for integrated manipulation. Alternatively, an audit trail of coordinate refe
pulations can be maintained.

ferencing by
ferencing by

linates are unambiguous only when the coordinate reference system ¢oywhich those cogrdinates are

reference to
arious types
he subset of
fandard also
rmation. The
e coordinate

ides for the
t coordinate
nce systems
ence system
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Geographic information — Spatial referencing by coordinates

1 Scope

This
coord

refer¢gnce systems. It allows additional descriptive information to be provided. It also describes th

requi
This

appli
such

2

This

refer¢gnce systems and Class B for coordinate operationszbetween two coordinate reference s

coorg
requi
Intern

International Standard defines the conceptual schema for the description of spatiak re
inates. It describes the minimum data required to define one-, two- and three-dimension

red to change coordinate values from one coordinate reference system to anothekr
International Standard is applicable to producers and users of geographic.information. A

cable to digital geographic data, its principles can be extended to manylother forms of geg
as maps, charts, and text documents.

Conformance requirements

inate reference system claiming conformance<to this International Standard shall

ational Standard shall satisfy the requirements@iven in Annex A, Clause A.2.

3

The following referenced documents .are indispensable for the application of this documen

refer
docu

ISO

1SO/T

ISO 1

ISO 1

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

ormative references

nces, only the edition cited:applies. For undated references, the latest edition of th
ment (including any amendments) applies.

'S 19103:—1), Géographic information — Conceptual schema language
9113:2002,Geographic information — Quality principles

9144%="), Geographic information — Quality evaluation procedures

ferencing by
Bl coordinate
e information

\ithough it is
graphic data

International Standard defines two classes of conformance, Class A for conformance ¢f coordinate

ystems. Any
satisfy the

fements given in Annex A, Clause A.1. Any.tcoordinate operation claiming conformance to this

t. For dated
b referenced

4 Terms and definitions

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

41

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

1) T
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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 » numbers designating the pasition of a paint in »n-dimensional space

NOTE 1 In|a coordinate reference system, the numbers must be qualified by units.

NOTE 2  Aj|coordinate operation is performed on coordinates in a source system resulting in coordinates in a [target
system.

4.4
coordinate ¢gonversion
change of cgordinates, based on a one-to-one relationship, from one coordinate.system to another ased
on the same|datum

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

NOTE A roordinate conversion uses parameters which have constant,values.

4.5
coordinate ¢peration
change of cpordinates, based on a one-to-one relationship, from one coordinate reference systégm to
another

NOTE Suypertype of coordinate transformation and coordinate conversion.

4.6
coordinate eference system
coordinate gystem that is related to the real world by a datum

NOTE Fqr geodetic and vertical-datums, it will be related to the Earth.
4.7
coordinate nlstem

set of mathenatical rufes‘for specifying how coordinates are to be assigned to points

4.8

coordinate fransformation
change of ¢ i i i stem

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

2 © ISO 2003 — Al rights reserved
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4.10

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 thig point
positive if upwards or outside of the ellipsoid

NOTH Only used as part of a three-dimensional geodetic coordinate system @nd never on its own.

413
engineering datum

localldatum

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

NOTH Engineering datum excludes both geodetic and vertical datums.

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

flattgning

f

ratio pf the difference between the semi-major (¢) and semi-minor axis (b) of an ellipsoid to thg semi-major
axis:|f'= (a — b)la

NOTH Sometimes inverse flattening 1/ = a/(a — b) is given instead; 1/fis also known as reciprocal flat{ening.

4.15
geO(letic coordinate-system

ellipsoidal coordinate system
coorginate system in which position is specified by geodetic latitude, geodetic longitude and|(in the three-
dimepsional 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

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

© 1SO 2003 — Al rights reserved 3
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4.18

geodetic longitude

ellipsoidal longitude

A

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-ef-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 g point
above the medgn 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 Mpst geodetic datums use the Greenwich meridian as the prime meridian. Its precise position differs dlightly
between different datums.

4.22
height
hy, H
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  Hgight of a point outside the surfacg'treated as positive; negative height is also called depth.

4.23
map projection
coordinate ¢onversion from ageodetic coordinate system to a plane

4.24
mean sea level
average leve] of the Strface of the sea over all stages of tide and seasonal variations

NOTE Mearmsea level in a local context normally means mean sea level for the region calculated from observptions
at one or more points over a given period of ume. Mean sea level In a global context differs from a global geoid by not
more than 2 m.

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 © ISO 2003 — Al rights reserved
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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

proje
two-g

4.30
semi
a
longs

NOTH

4.31
semi
b
short

NOTE

4.32

spatial reference

desc
NOTH

4.33
verti
datu

NOTH
over
referg
case

cted coordinate system
imensional coordinate system resulting from a map projection

-major axis
st radius of an ellipsoid

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

Fminor axis

bst radius of an ellipsoid

For an ellipsoid representing the Earth, it is the distance from the centre of the ellipsoid to either

iption of position in the real world

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

cal datum
m describing the relation of@ravity-related heights to the Earth

In most cases the yertical datum will be related to a defined mean sea level based on water leve

nced to a geodetigmdatim. Vertical datums include sounding datums (used for hydrographic purpo
he heights may bénegative heights or depths.

pole.

| observations

h long time period. Ellipsoidal heights are treated as related to a three-dimensional ellipsoidal coondinate system

ses), in which

5 Conventions

5.1 | Symbols and abbreviated terms

a semi-major axis

b semi-minor axis

CCRS Compound coordinate reference system
E easting

h ellipsoidal height

N northing

SC Spatial referencing by Coordinates

© 1SO 2003 — Al rights reserved
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SI

UML

A

4

X,V z
i,j, k

r, 02 0

le Systéme International d’unités

geodetic longitude

geodetic latitude

Unified Modeling Language

Cartesian coordinates in a geodetic datum

Cartesian coordinates in a engineering datum

5.2 UML notation

The diagram|
(UML) static
UML Object
International

Aggregation between classes

Spherical polar coordinates

Association between classes

Class # 1

Association name

role-1 role~2

Class # 2

Association“cardinality

*

Exactlyone

Class

Zero or more

Class

—— Class
0.. Class
0.1 Class

Optional (zero or one)

Class inheritance (subtyping of classes)

s that appear in this International Standard are presented using the Unified Modeling Landguage
structure diagram with the 1SO Interface Definition Language (IDL) basic typ& definitions and the
Constraint Language (OCL) as the conceptual schema language. The UML notations used ih this
Standard are described in Figure 1.

One or more

Specific number

Aggregate Superclass
class
| | | | | |
Compor’1ent Compopent Comporlwent Subclass # 1| [Subclass # 2 Subclass #n
class # 1 class # 2 class #n

Figure 1 — UML notation

© ISO 2003 — Al rights reserved
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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

In the

Requ

The

attrib|
coorg
incon
desc

6.2

6.2.1

A co
defin
desc

and datum type.
clauses below, attributes are given a requirement status:
irement Definition Comment
M mandatory This attribute shall be supplied.
C conditional This attribute shall be supplied if the _Cendition (given in t
description) is true. It may be supplied if the condition is false.
0] optional This attribute may be supplied.
Maximum Occurrence column in the following tables indicates the maximum number of o¢

Lite values that are permissible, with N indicating no apper limit. The conceptual schema f
inate reference systems is modelled with the Unified*Modeling Language (UML) in Annex
sistency between the metadata textual description and the UML model (re: Annex B)
iption shall prevail. The basic data types are défined in ISO/TS 19103.

Coordinate reference system

Type of coordinate reference system

prdinate reference system may be either single or compound. A single coordinate referen

he attribute

currences of
br describing
B. In case of

the textual

ce system is

bd in 6.2.2 and a compound coordinate reference system is defined in 6.2.3. The reqdirements for

ibing 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 Obligation | Maximum Descriptiorn
identifier occurrence

Coorflinate'\/reference | typeCode | SC_TypeCode M 1 Code denoting the type of coordinate

systgmrtype code reference system:
1 — a single coordinate reference
system
2 — a compound coordinate reference
system

Coordinate reference| remarks [ CharacterString (0] 1 Comments on the coordinate

system remarks reference system 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).

© IS0
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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

! I

Datum Coordinate system

A\
| |

Geodetic Vertical Engineering

Figure 2 — Coordinate reference system
For the purposes of this International Standard, a coordinate reference system shall not change with|time.
When a refefence frame changes with time, a new datum and coordinate reference system shall be crgated,
with date of rfealization of the datum and coordinate reference system included in their names or identifiens.

The requirenjents for describing a coordinate reference systém shall be in accordance with Table 2.

Table 2 — Requirements for describing a coordinate reference system

Element ame UML Data type Obligation | Maximum Description
identifier occurrence
Coordinate r¢ference| CRSID RS_ldentifier M 1 Identifier of the coordinate reference
system identifier system.
Coordinate rgference alias CharacterString o N Alternative name or identifier by which
system alias this coordinate reference system ip
known.

Coordinate r¢ference| validArea EX_Extent 0] 1 Area for which the coordinate
system valid grea reference system is valid.
Coordinate regference scope CharacterString o N Application for which the coordinaje
system scope reference system 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.

8 © ISO 2003 — Al rights reserved
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Compound coordinate reference system

T

Coordinate reference system 1

?

?

Datum 1

Coordinate system 1

Coordinate reference system 2
(for vertical coordinate)

!

!

Datum 2

Coordinate system 2

The equirements for describing a compound coordinate reference system shall be in.accordance
Each|of the two coordinate reference systems shall then be described in the normaltway.

The

Figure 3 — Compound coordinate reference system

system identifiers for the component coordinate reference systems.

with Table 3.

compound coordinate reference system identifier may be a concatenation of the coordingte reference

Table 3 — Requirements for describing a compound.coordinate reference system
Blement name UML Data type Obligation | -Maximum Description
identifier occurrence

Compound coordinate | CCRSID RS_Identifier (6] 1 Identifier of the compound coordinate

refergnce system reference system.

identffier

Compound coordinate alias CharacterString (0] N Alternative name or identifier by which

refergnce system alias this compound coordinat reference
system is known.

Compound coordinate | validArea EX\Extent (0] 1 Area for which the compgund

reference system valid coordinate reference sysfem is valid.

area

Compound coordinate scope CharacterString (0] N Application for which the|[compound

refergnce system coordinate reference system is valid.

scopg

6.3 | Datum

6.3.1

A datutmjs geodetic, vertical or engineering. A geodetic datum gives the relationship of a coordin

the

Types-of datums

te system to
Il 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).

© 1SO 2003 — Al rights reserved 9
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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.

Table 4 — Requirements for describing a datum

Element name UML Data type Obligation | Maximum Description
identifier occurrence

Datum identifier datumID RS _Identifier M 1 Identifier of the datum.

Datum alias alias f‘harnrfnerring @) N Altarnative name-ornamaes. hy which
this datum is known.

Datum type type CharacterString o 1 Type of datum. Valid values(are:
— geodetic,
— vertical, or
— engineering

Datum anchof point point CharacterString (0] 1 Description including coordinates df the
point or points used to anchor the
datum to theEarth.

Datum realizgtion realization Date (0] 1 Epoch efrealization of the datum.

epoch Epoch

Datum valid grea validArea EX_Extent (0] 1 Area for which the datum is valid.

Datum scope scope CharacterString (0] N Application for which the datum is yalid.

Datum remarks remarks | CharacterString (0] 1 Comments on the datum including
source information.

When the dafum type is geodetic, then certain prime meridign and ellipsoid attributes as described below
y regardless of whether a value for datum type has been provided or not.

be mandator

6.3.3 PrimI
i

A prime me
Greenwich a

A prime mer
Greenwich a

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

meridian

Table 5 — Requirements for describing a prime meridian

dian defines the origin from which longitude values are specified. Most geodetic datum
5 their prime meridian.

dian description shall be.mandatory if the datum type is geodetic and its prime meridian
nd if neither coordinate reference system citation nor datum citation is supplied.

shall

b UsSe

s not

Element name UML Data type Obligation | Maximum Description
identifier occurrence

Prime merididn meridianID RS Idenfifier M 1 Identifier of the prime meridian

identifier

Prime meridian Greenwich Angle M 1 Longitude of the prime meridian

Greenwich Longitude measured from the Greenwich meridian,

longitude 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

remarks including source information.

10 © 1SO 2003 — All rights reserved
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6.3.4 Ellipsoid

An ellipsoid description is not required if the datum type is
a) vertical,

b) engineering, or

c) geodetic,

and any of the following circumstances apply:

— tLe coodinate reference system citation is supplied;
— the datum citation is supplied;
— the coordinate system type is Cartesian.

The fequirements for describing an ellipsoid shall be in accordance with Table'\6.

Table 6 — Requirements for describing.an-ellipsoid

Element name UML Data type Obligation | Maximum Description
identifier occurrence
Ellipgoid identifier | ellipsoidID | RS_ldentifier M 1 Identifier of the ellipsoid for thg datum.
Ellipgoid alias alias CharacterString (0] N Alternative name or names of the ellipsoid.
Ellipgoid semi- semiMajor Length M 1 Length of the semi-major axis pf the
major axis Axis ellipsoid.
Ellipgoid shape ellipsoid boolean M 1 boolean = TRUE when the r¢ference
Shape surface is an ellipsoid,

FALSE when the feference
surface is a spherg.

Ellipgoid inverse inverse SC_inverse C 1 Inverse flattening of the ellipsdid. Unitless.

flattehing Flattening Flattening Condition 1 (cd 1): Mandatory f ellipsoid
Shape is true.

Ellipgoid remarks | remarks ~ CharacterString (0] 1 Comments on or information apbout the
ellipsoid.

6.4 | Coordinate'system

A cogrdinate'system is described by the name, the units, the direction and sequence of the axes] Coordinates
are t{e fesult of a coordinate conversion which is described in 6.5.

in a get are'listed according to this sequence. Coordinates based on a projected coordinate referlence system

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.
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Table 7 — Requirements for describing a coordinate system

Element name UML Data type Obligation | Maximum Description
identifier occurrence
Coordinate CSID RS_Identifier M 1 Identifier of the coordinate system.
system identifier
Coordinate type SC_Coordinate M 1 Type of the coordinate system. The
system type SystemType most commonly used entries are:
— Cartesian
— geodetic
— prnjnrtnd
— polar
— gravity-related
Do not use Cartesian if the system is
projected.
Coordinate dimension Integer M 1 Number of coordinates {3,2,1} in the set.
system dimer}sion
Coordinate remarks | CharacterString 0 1 Comments 6n-0f information about fhe
system remarks coordinate system.
Each coordinate system axis shall be described, the order of each axis ‘description following the order ¢f the
coordinates i|n the data set. The elements for each coordinate systemyaxis, as described in Table 8, shall be
kept togethef (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 Data type Obligation | Maximum Description
identifier occurrence
Coordinate axisName | CharacterString M 1 Name of the coordinate system axis.
system axis name
Coordinate axisDirection | CharacterString M 1 Direction of the coordinate system faxes
system axis (or, in the case of Cartesian or
direction projected coordinates, the directior) of
the coordinate system axis at the
origin).
Examples: north, east, up
Coordinate axisUnitID | UnitOf Measure M 1 Identifier of the unit for the coordinate
system axis unit system axis.
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.

12
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coordinates. However, projected coordinates are the result of a coordinate conversion applied

11:2003(E)

ntification of
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 coord/nate transformat/on changes coordmates from a coordinate reference system b

differs from a coordinate conversion in that the coordinate transformatlon paramet
derived empirically: therefore there may be several different estimations (or realizations)

Oncq the parameter values are obtained, both coordinate conversion and coordinate transfg
similar mathematical processes.

6.5.2| Coordinate conversion (including map projection)

A cogrdinate conversion is a one-to-one mapping of coordinates based on‘one coordinate referer
another coordinate reference system on the same datum. These coordinate conversions are w,

ased on one

ansformation
r values are

rmation use

ce system to
dely used to

provile mapping projections of ellipsoidal coordinates to two-dimensional Cartesian coordihates. Other
coordinate conversions include conversion of the units of measuré or shifting the origin of coordinate system.
In this International Standard, coordinate conversions (see [Figure 4) shall be distinguished fropn coordinate
transformations (see Figure 5). Coordinate conversions do,not change the underlying datum sipce they use
analytical mathematical functions which do not alter the fundamental accuracy of the coordinate vialues.

Coorglinate conversions include

— ap projections, which is a method using mathematical functions to convert ellipsoida
;Excluding height) to two-dimensional Cartesian coordinates, or vice-versa;

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

coordinates

-dimensional

— Init changes by application’ of a multiplication factor (for example, metres to feet) or an algorithm (for

xample, radians to degrees, minutes and seconds);

— ghifting the origin-0f-a plane to make a local grid.

Coordinates related Coordinates related
to source CRS Coordinate to target CRS

with datum 1 and conversion with datum 1 and

coordinate system A v coordainate sysiem b

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

For the description of coordinates belonging to a projected coordinate system, the provision of
operation description shall be mandatory.

© 1SO 2003 — Al rights reserved
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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 /—\ Coordinates related

to source CRS Coordinate to target CRS
with datum 1 and transformation with datum 2 and
coordinate system A coordinate system A

Figure 5 — Coordinate transformation

A coordinatg transformation description is not necessary for describing @ coordinate reference sygtem.
However, it may sometimes be useful to describe a coordinate transformation that has already been applled to
the coordingtes, or a coordinate transformation from that system to_at user-defined coordinate refefence
system.

6.5.4 Requirements for describing a coordinate operation

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

A coordinate| operation description shall also be given if the coordinate system type is projected and neither a
coordinate rdference system citation nor a coordinate system citation has been supplied.

14 © 1SO 2003 — All rights reserved
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Table 9 — Requirements for describing a coordinate operation and connected terms

Element name UML Data type Obligation | Maximum Description
identifier occurrence
Coordinate Coordinate RS _Identifier M 1 Identifier of the coordinate operation.
operation identifier Operation|D
Coordinate validArea EX_Extent 0] 1 Area for which the coordinate
operation valid area operation is valid.
Coordinate scope CharacterString O N Application for which the coordinate
operation scope operation is valid.
Source coordinate sourcelD RS_ldentifier C 1 Identifier of the source coordinate
reference system reference system
identlfier Condition 2 (cd 2): Mandlatory if
describing a coordinate
transformation.
Targét coordinate targetID RS_Identifier C 1 Identifier of the\target coqrdinate
refergnce system reference system.
identlfier cd 2
Coorflinate version CharacterString C 1 Version of the coordinate|operation
opergtion version between the source coordlinate
reference system and thg target
coordinate reference sysfem.
cd 2
Coorflinate methodName | CharacterString C 1 Name of the algorithm used for the
operation method coordinate operation.
name Example (in case of coorflinate
transformation):
— Abridged Molodenski
— Similarity transformatipn
Example (in case of coorflinate
conversion):
— Cartesian into ellipsoidal
— Universal Transverse Mercator
— Mercator
— Lambert Conformal Cgnic
— Albers equal area
— Stereographic
— metres to feet
— radians to degrees
Condition 3 (cd 3):
Mandatory either (i) if degcribing a
projected coordinate system and none
of coordinate reference system
citation, coordinate systen citation, or
coordinate operation citafion is
supplied, or (ii) if describipg a single
coordinate conversion or[a coordinate
transformation.
Coorginate methodName | CharacterString (0] N Alternative name or namgs of the
operation method Alias coordinate operation method identifier.
name-alias
Coordinate formula CharacterString M 1 Formula(s) used by the coordinate
operation method operation method.
formula(s) This may be a reference to a
publication.
Coordinate numberOf- Integer M 1 Number of parameters required by this
operation method Parameters coordinate operation method.
number of
parameters
Coordinate remarks CharacterString O 1 Comments on or information about the
operation method coordinate operation method.
remarks It is often useful to include an
example. This may define a time
dependent parameter such as epoch.

© 1SO 2003 — Al rights reserved
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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.

Table 10 — Requirements for describing coordinate operation parameters

Element name

identifier

UML

Data type

Obligation

Maximum
occurrence

Description

Coordinate o;l;eration
parameter name

name

CharacterString M

1

Identifier of the coordinate operation
parameter that is defined or used wit
this coordinate operation method. Th
parameters differ among ¢eordinate
operation methods.

Example (in case of coordinate
transformation);

— geocentrig’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

D 2

Coordinate operation
parameter value

value

Measure M

Value of the coordinate operation
parameter.

Coordinate o:Leration
parameter refnarks

remarks

CharacterString (O]

Comments on or information about the

coordinate operation parameter.

6.5.5 Condatenated coordinate operation

The change

stem

of coordinates from one.Coordinate reference system to another coordinate reference sy

may follow frpm a series of coordinate operations consisting of one or more coordinate transformations gnd/or

one or more,

coordinate conversions. This is called a concatenated coordinate operation. Figure 6 shqws a

two-step concatenated coordinate operation. There is no upper limit to the number of steps a concate
coordinate operation may‘have. Each step is a coordinate operation described in the normal way.

Coordinates related to
intermediate CRS

hated

Coordinates
related to
source CRS

16

Coordinate
operation |

Coordinates
related to
target CRS of
coordinate
operation |

Coordinates
related to
source CRS of
coordinate
operation I

Coordinate

. related
operation Il

Coordinates

target CRS

to

Figure 6 — Concatenated coordinate operation
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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 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 Obligation | Maximum Description
identifier occurrence

Condatenated concatOpID | RS_Identifier M 1 Identifier of the concatenatefl coordinate

coordlinate operation.

operation identifier

Condatenated numberOf Integer M 1 Number of steps.in‘the condatenated

coordiinate Steps coordinate operation.

operation number

of st¢ps

Condatenated stepID Sequence M 1 Identifier for each of the steps in this

coordlinate <RS_Identifier> concatenated coordinate opgration. The

operation step order is significant and shalllreflect the

sequence order in which the steps shall be
performed. The number proyided shall be
consistent with the value for
concatenated coordinate opgration
number of steps.

Condatenated validArea EX_Extent o 1 Area for which the coordinate operation is

coordinate valid.

operation valid

area

Condatenated scope CharacterString O N Application for which the cogrdinate

coordinate operation is valid.

operation scope

Condatenated remarks | CharacterString 0] 1 Comments on or informatior) about the

coordlinate concatenated coordinate opgration.

opertion remarks

6.6 | Citations

The dlescription~of class attributes can be done in two manners, the direct description or citation. The direct

description is-pérformed 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 I L{UiIUIIIUIItb fUI dUbbl;b;lly idclltiﬁclb =1+ yiVUII ill Tabic 12

Table 12 — Requirements for describing identifiers

Element name UML Data type Obligation | Maximum Description

identifier Occurrence
Identifier identifier | CharacterString M 1 Name or identifier of the class or attribute.
Citation citation CI_Citation (0] 1 Citation.

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

© 1SO 2003 — Al rights reserved
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Table 13 — Requirements for describing a citation

citation detailg

Element name UML identifier Data type Obligation | Maximum Description
occurrence

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 alternativeTitle CharacterString (0] N Alternative title or subtitle of cited

title source.

Citation date data Date LY f Date of cited source or
publication.

Citation editign edition CharacterString (0] 1 The number of editign:

Citation editign editionDate Date 0] 1 Date of the edition:

date

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

Citation identffier identifierType CharacterString (0] N Referénce form of the identifier.

type

Citation cited citedResponsible | Cl_Responsible (0] N Responsible party for citation.

responsible pprty Party Party

Citation presentationForm | Cl_Presentation (0] N Mode in which the data is

presentation form Code FormCode presented.

code

Citation serie$ seriesName CharacterString (0] 1 Name of a series of the citeg

name source.

Citation issu€] issueldentification | CharacterString (0) 1 Issue number of periodical.

identification

Citation collegtive collectiveTitle CharacterString o 1 Common title with holdings rjote.

title

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 Seria
Number.

Citation other otherCitationDetails | CharacterString 0] 1 Comments on the cited sourge.

If the identifler-is* a citation and the citation describes all or parts of mandatory attributes, the desdgribed

attributes of the—etass-are upt;uual.

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.

18
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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 1SO 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

deci

Such
exter
not ¢
the h
their
throu
comg

H 4 HPN PN A o4 Hy £ oLl Lat '+ ¥y <l <l
UITUTTS diT PUTUVIUTU TITATTITCA" O TU 5SS T USTTS UT s et iTativrtar stariuaru.

information may be supplied directly or, either in part or in whole, through one or more c
hal reference. These citations shall conform to the requirements given in 6.1 to 6.5: Some
bntain all components. Where a citation contains several related components, a.user shall
ighest level related component available. For example, if a citation includes-both geodetic
related ellipsoids, a user shall refer only to geodetic datum entity, as ellipsoid informatio
gh the geodetic datum information. Any citation shall include the mandatory elements fo
onents described in Table 14.

tations of an
Citations may
refer only to
datums and
 is obtained
each of the
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Table 14 — Attributes to be provided to describe a coordinate reference system

EN oAlh Xyz r2e ijk re H
oA rQ ij rQ
k

Datum type

geodetic | geodetic | geodetic | geodetic | engineer- | engineer- vertical

Element name obligation @ , d
ing ing

Coordinate system type

projected [ geodetic | Cartesian | spherical | Cartesian | spherical gravity-
polar polar related
height

Coordinate refdrence M v v v v v v p
system identifigr

Coordinate refdrence [e)
system alias

Coordinate refdrence [e)
system valid arpa

Coordinate refdrence
system scope

Datum identifief

(@}

Datum alias

Datum type

Datum anchor point

Datum realizatipn epoch

Datum valid arg¢a

Datum scope

Datum remarkd

Prime meridian|identifier

Z[Z|0|O0f(0|0|0f(0|0|=

Prime meridian| Greenwich
longitude

Prime meridian|remarks

Ellipsoid identifler

Ellipsoid alias

Ellipsoid semi-hajor axis

Ellipsoid shape]

Ellipsoid inversk flattening c

<
<
<

Ellipsoid remarks

Z|lo|2|Z|Z|0|Z]O
<
\
<

Coordinate sysfem
identifier

Coordinate sysfem type

<
<
<
<
<
<
<

Coordinate sysfem
dimension

z
<
<
<
<
<
<
<

Coordinate sysfem 0
remarks

Coordinate systenTaxis vt v v v v v 4
name (NOTE)

Coordinate system axis M v v v v v v v
direction (NOTE)

Coordinate system axis M v v v v v v v
unit identifier (NOTE)

Coordinate operation M v
identifier

Coordinate operation valid [e)
area

Coordinate operation [e)
scope

Source coordinate cd?2
reference system identifier
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Table 14 (continued)

EN QAh xXyz re ijk re H
oA r ij r&
k
Datum type
Element name obligation geodetic geodetic | geodetic geodetic engineer- | engineer- vertical
ing ing
Coordinate system type
projected | geodetic | Cartesian | spherical | Cartesian | spherical gravity-
polar polar related
height
Targgt coordinate cd 2
refergnce system identifier
Coordinate operation cd 2
versign
Coordinate operation cd3 v
meth¢d name
Coordinate operation (0]
methgd name alias
Coordinate operation M v
methg¢d formula(s)
Coordinate operation M 4
meth¢d parameters
number
Coordinate operation (0]
methed remarks
Coordinate operation M v
parameter name
Coordinate operation M 4
paraneter value
Coordinate operation (0]
parameter remarks

Each [of the three elements coordinate system axis\shame, coordinate system axis direction and coordinate system unit identifier shall be
repedted for each axis.

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

a onditions are as follows:

dd1 — Mandatory if an ellipsoid shape is true.

dd2 — Mandatory if describihg a coordinate transformation.

dd3 — Mandatory if deseribing either (i) a projected coordinate system and none of coordinate reference system citdtion,
doordinate system citatien, or coordinate operation citation is supplied, or (ii) a single coordinate conversion or a codrdinate
transformation

© 1SO 2003 — Al rights reserved 21
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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 th{

satisfies the fequirements given in A.1.2 to A.1.5. For coordinate reference system descriptions, conforn

shall be test
6.2,6.3,6.4
elements an

nd 6.8. If the type of coordinate system is projected, the test shall be extended to the mand
conditional element attributes (where the condition is true), as required.by)6.5.

A.1.2 Test|case identifier: Completeness test

a)

b)

Test pupose: To determine whether all of the relevant entities and“elements which are specified
mandatqry or mandatory under the conditions specified have beenprovided in the description.

Test mdthod: Check the coordinate reference system to ensure that the coordinate reference sy
description includes as a minimum all the elements indicated as mandatory for that type of syst
Tables 1-8 and, in the case of projected coordinate reference systems, additionally in Tables 9 and 1

Referenge: 6.2 to 6.4 and, in the case of projected goordinate reference systems, also 6.5.

Test type: Basic.

Test purpose: To ensure each coordinate reference system element occurs not more than the num
times specified in the standard:

Test method: Examine the stbject coordinate reference system for the number of occurrences of
entity and element provided to ensure that the number of occurrences for each shall be not more tha
'Maximum Occurrences*attribute specified in 6.2 to 6.4 and, in the case of projected coordinate refe
systems], additionally(in 6.5.

Referenge: 6.2;t0 6.4 and, in the case of projected coordinate reference systems, also 6.5.

}d against the mandatory and conditional elements (where the condition is trge) that are lisfed in

t a coordinate reference system is in accordance with this International Standard, check that it

ance

atory

to be

stem
m in
0.

per of

each
n the
ence

Test typg: Basic.

A.1.4 Test case identifier: Data type test

a)

b)

c)

22

Test purpose: To determine if each coordinate reference system in the dataset uses the specified
type.

data

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 in 6.5.
Reference: 6.2 to 6.4 and, in the case of projected coordinate reference systems, also 6.5.

Test type: Basic.
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A.1.5 Test case identifier: Unit test

a)
b)
c)

d)

Test purpose: To ensure that the units are in accordance with ISO 1000.
Test method: Check that any units of elements are in accordance with ISO 1000.
Reference: 6.2 to 6.4 and, in the case of projected coordinate reference systems, also 6.5.

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 accordance with this International Standard, check th
the requirements given in A.2.2 to A.2.5.

A.2.2 Test case identifier: Completeness test

a)

b)

c)

d)

est purpose: To determine whether all of the relevant, entities and eléments which are sf

andatory or mandatory under the conditions specified have been provided in the description.

est method: Check that the coordinate operation description~ificludes all of the elements
andatory in Tables 9 to 11.

eference: 6.5.

est type: Basic.

A.2.3 Test case identifier: Maximum occurrence test

a)

b)

c)

d)

est purpose: To ensure that each coordinate operation element occurs not more than tH
mes specified in the standard.

est method: Examine the coordinate operation dataset for the number of occurrences of eg
lement provided to ensure that, the number of occurrences for each shall be not m
‘Maximum Occurrences” attribute specified in Tables 9 to 11.

eference: 6.5.

est type: Basic.

A.2.4 Test case.identifier: Data type test

a)

b)

c)

d)

est purpose: To determine if each coordinate operation element in the dataset uses the s
pe.

est method: Check the data type of each element of the description of a coordinate operat

at it satisfies

ecified to be

indicated as

e number of

ch entity and
pre than the

pecified data

on to ensure

atit is of the data type specified in Tables 9to 11.

Reference: 6.5.

Test type: Basic.

A.2.5 Test case identifier: Unit test

a)
b)
c)

d)

Test purpose: To ensure that the units are in accordance with ISO 1000.
Test method: Check that any units of elements conform to ISO 1000.
Reference: 6.5.

Test type: Basic.

© 1SO 2003 — Al rights reserved
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Annex B
(normative)

UML schemas

B.1 UML schema for describing coordinate reference systems

24 © 1SO 2003 — All rights reserved
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<<Abstract>>
<<enumeration>> RS_ReferenceSystem
SC_KindCode (from Reference system)
+ generalCase: Integer = 1 + name: RS_identifier
+ compound: Integer = 2 + domainOfValidity [0.."]: EX_Extent
<<DataType>> <<enumeration>>
RS_Identifier SC_CoordinateSystemType
from Reference system -
name.isType ( - - y. ) <<Abstract> + Carte5|_an
Of(CI_Citation) + authority [0..1]: CI_Citation R + geodetic
= other + code [0..1]: CharacterString SC_CRS + projected
+ codeSpace [0..1]: CharacterString + kindCode: SC_KindCode + polar
Fversion [0.. 1]T Characterstring Fremarks [U.. 1] Charactersiring FgravityRetated
I |
SC_CoordinateReferenceSystem SC_CompoundSystem
+crs | + CRSID: RS_Identifier 2 kindCode | * CCRSID [6.71]: RS _Identifier
+ alias [0..*]: CharacterString + alias [0..*]:\CharacterString
+ validArea [0..1]: EX_Extent >—————— + validArea [0..1]: EX_Extent
+ scope [0..*]: CharacterString + scoepe [0..*]: CharacterString
requires requires
+ datum 0..1 # coordinateSystem
SC_Datum SC_CoordihateSystem
+ datumID: RS_Identifier + CSID: RSaldentifier
+ aligs [0..*]: CharacterString — 1 + type: SC.CoordinateSystemType
+ typg [0..1]: CharacterString + dimension: Integer
+ poiht [0..1]: CharacterString + remarks [0..1]: CharacterString
+ re1|izationEpoch [0..1]: Date
+ valldArea EO"ﬂ: EX_Extent has (type = projdction) implies
+ scqpe [0..*]: CharacterString (Cartesian.chunt = 1)
+ remarks [0..1]: CharacterString {ordered}
(type = geodetic) implies

+ axis 1.3
JA (ellipsoid.cofint = 1)
SC_CoordinateSystemAxis

+ axisName: CharacterString
+ axisDirection: CharacterString
+ axisUnitID: UnitOf Measure

I [ |
SC_EngineeringDatum SC\VerticalDatum SC_GeodeticDatum
+ ellipsoid |1 0..1 | + ellipsoid
SC_Ellipsoid
HprimeMeridian | 1 + ellipsoidID: RS_|dentifier

+ alias [0..*]: CharacterString
+ semiMajorAxis: Length

N mlpnni,lcl—“‘y B )

SC_PrimeMeridian

+ SPAH IN-RC _1doato
ettt o o Taehtet

+ GreenwichLongitude: Angle + inverseFlattening [0..1]: SC_inverseFlattening
+ remarks [0..1]: CharacterString + remarks [0..1]: CharacterString <<Union>>
SC_inverseFlattening

[ [ + inverseFlattening: Real
(primeMeridian <> "Greenwich") implies 1 Name.isTypeOf(CI_Citation) = + isInfinite: Boolean = TRUE
(GreenwichLongitude.count = 1) (semiMajorAxis.isEmpty) =
(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 (versions.count = 1)
[
CC_Operation CC_ConcatenatedOperation
+ operationID: RS_Identifier + concatOplD [0..1]: RS_Identifier
+ validArea [0..1]: EX_Extent {ordered } has 0.* |+ numberOfSteps: Integer
+ scope [0..*]: CharacterString < + stepID: Sequence<RS_I|dentifier>
+ sourcelD [0_1]: RS |dentifier step——= —secuence + validArea [0 _1]: EX Extent
+ targetID [P..1]: RS_Identifier + scope [0..*]: CharacterString
+ version [(..1]: CharacterString + remarks [0..1]: CharacterString
+ methodN@me [0..1]: CharacterString
+ methodN@meAlias [0..*]:
CharacterS}ring
+ formula: CharacterString has
+ numberOfParameters: Integer
+ remarks [P..1]: CharacterString
1.* + parameters|
+ target + source
1 1 CC_OperationParameters
<<Abstract>> + name: CharacterString
SC_CRS + value: Measure

CC_Transfori

hation CC_Conversion

(from Spatial Referencing
by Coordinates)

+ remarks [0..1]: CharacterString

26

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

Decision trees

ISO 19111:2003(E)

C.1 Decision tree 1 (coordinate refere

nce system kind)

CRS's go separately to decision tree 2.

kn(?vf/) i)f/OLé)ur Is the
Y No coordinate No
data belong to a
CRS or system three-
dimensional?
CCRS?
Yes Yes
Is one of the N
. o
coordinates
a height?
Yes
Consult Do you know
a geodetic No the reference
9 it surface for the
expe height?
Yes
Do the Is the
data height referenced
belong to a to the ellipsoid
CRS or vertical or a vertical
CCRS? CRS  4atum datum?
CCRS ellipsoid
You have a CCRS. The value for the
CRS kind code is "2". If the CCRS s in _You have a CRS. The value forthe [ 1|
a recognized source enter the ccrs_id T R "”d”"’ et tmcthu‘o ™ ,'('j'
and the ccrs_citation, otherwise for a re(;:?t?nlze so.;Jr?e en ’?hr ecrs_|
each of the horizontal and vertical and the ccrs_citation, oIherwise go

to decision tree 2.

Figure C.1 — Decision tree 1 — kind of coordinate reference system
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C.2 Decision tree 2 (coordinate reference system type)

Do you

Yes know to which
kind of CRS your
coordinates
belong?
Are the Is there
4 coordinates No only one Yes
related to the coordinate
ellipsoid? a axis?
Yes No
Do the Are all
coordinates the
. . Yes No
¢ include latitude coordinate values
and in linear
longitude? units?
No
Arg,. th? Are.the Is the
coordinates coordinates height referenced
related to the related to the to a vertical >
Earth center? Earth center?
) ’ datum?
Yes Yes No Yep
You have a You have a You have a You have a
You have a Youhave a ; . ; . You havg a
CRS of kind €RS of kind CRS of kmd CRS 3f It<_|nd CR$ of k}nd CRS_ of k_md CRS of kihd
projected geodetic geodetic geodetic engineering engineenng vertica
Cartesian spherical polar Cartesian spherical polar
S oA h iz rQo "{f’.‘ rQo y
QoA rQ k/ rQ
Datum type: geadetic geadetic geaodetic geaodetic engineering engineering vertical
Coordinate projected geodetic Cartesian spherical Cartesian spherical gravity related
system type: polar polar height

@ NOTE This includes projected coordinates, for example UTM coordinates.

28

Figure C.2 — Decision tree 2 — type of coordinate reference system
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D.1 Coordinate reference system — coordinate conversion and coordinate

armatiann

Annex D
(informative)

ISO 19111:2003(E)

Geodetic relationships

Figure D.1 shows three different coordinate reference systems:

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

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

CRS 1
Datum 1

Coordinate system A

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

Coordinate
transformation |

Coordinate
conversion

CRS 2
Datum 1

Coordinate system B

CRS 3

Datum 2

Coordinate system A

Coordinate
transformation I
(concatenated operations)

Figure B.1 — Coordinate conversion and coordinate transformation

A coprdinate conyersion is used to change from coordinate reference system 1 to coordingte reference

syste

m 2, both of:which are based on datum 1. A coordinate transformation is used to change from coordinate

refer¢gnce system 1 to coordinate reference system 3 which both use the same coordinate system but are
basefl on different datums. A different coordinate transformation is used to change values [directly from

€0O0rdq
datur

inate reference system 2 to coordinate reference system 3 which again are both based on different
Nns_The change from coordinate reference system 2 to coordinate reference system 3 nay also be

described as a concatenation coordinate operation consisting of the coordinate conversion plus coordinate

transformation 1.

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).

© 1SO 2003 — Al rights reserved
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In modern t
global tasks.
coordinate a

The coording
see Figure Dj

When the e
coordinates.
astronomical
astronomical
have been t
implies geod

z
P (Xp, ¥p, Zp)
?
|
b
|
0
| y
/)
/ Xp
|
________ /
7 yp
X

Figure D.2 — Cartesian coordinates

hree-dimensional geodesy, the three-dimensional Cartesian coordinate system is applie
It is defined by three orthogonal coordinate axes which form a right-handed system. The
es intersect each other at the origin of the coordinate system, see Figuré D.2.

.3. They are called parallels at constant latitude (@) and meridians for constant longitude (4).

lipsoid is related to the shape of the Earth, the ellipseidal coordinates are named gec
Traditionally an alternative to geodetic coordinates “have been astronomical latitude]
longitude. Geographic coordinates is the genericiterm including astronomical latitudg
longitude as well as geodetic latitude and geodetic longitude. Since astronomical observa
bken over by satellite based methods, in mast*cases today the term geographic coordi
ptic coordinates.

d for
f! y’ z

te lines of the ellipsoidal coordinate system are curvilinear lines, on' the surface of the ellipsoid,

detic
and
and
tions
hates

Key
1

zero meridian

Figure D.3 — Cartesian coordinates and ellipsoidal coordinates

2 local meridian
3 equator
30
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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, A=0, then the following formula converts ellipsoidal coordinates to geocentric Cartesian
coordinates:

[N +h]cospcos A
=|[N+h]cosgpsini

i [N(1—e2)+h}sin(o

N x

with fhe radius of curvature in the prime vertical (perpendicular to the meridian)

-1/2
NV = a(1—e2 sin? gp)

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

The following method converts geocentric Cartesian coordinates to,ellipsoidal coordinates:

h = arctanl

X
(4 is putside the range —90 degrees to +90 degrees if x is negative)
and

z

o = arctan 72
(1—62)(x2 +y2)

Solvg for ¢ and 4 by iteration through

-1/2
vV, :a(1—ezsin2¢,~_1)

1/2
(+2457) .

h, =~<="_____ N, for |p,| <45°and h; = — ~(1-e?)N; for |g,| > 45°
COS ;4 SINg; 4
@; = arctan 1
i~ 172 2
x2+y2) 1_ e Ni
N; +h;
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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.

Although some similarity transformations from source datum S to target datum T use only three paraneters
(74, Ty, T3), the generic seven-parameter formula takes the following form:

X pY T1 0 —R3 R2 X Py T1 1+D —R3 R2 X
y |y + T2 + R3 O —R1 y +D y = T2 + R3 1+ 1B —R1
z 7y (L7 d(s) T5 -Ro Ry 0 z](s) z](s) T3 Ry \Ry 1+D]| |z )

As the coord|nate transformation equation is the result of an approximation of,a sirict formula, the rotations R,
Ry, Ry must e small.

The value offthe three translations 7, 75, T5 along the coordinates axes. x, y, z, the three rotations R4, Rp, R,
and the scalg 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 ip the
residual deviations after the adjustment. The relation of -Cartesian coordinates used in the coordinate
transformatign 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 eXxample 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 geodeti¢ coordinates (¢, A,Ch) Tefer to the curved surface of the ellipsoid. For mapping purposes, the
necessary pfojection onto thé~plane (see Figure D.4) can be performed by different projection methods.
Doubly curvgd surfaces are‘always distorted when mapped onto a plane. Mappings of ellipsoid or spherg into
the plane cgn be isogonal {conformal) or area-preserving. Length-preserving mapping, where scale is the
same in all directionssis ‘not possible. A map projection is a mathematical mapping of an ellipsoid, or part of
an ellipsoid, fo a plane.”A projection will have an associated reference point called the projection origin for the

o, y its
Cartesian coordinates (N, E) in an orthogonal reference frame (O, N E) of this plane, a map projection is
defined by two functions f'and g such that

N=f(p 4)

E=g(p )

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

Section of ellipsoid Plane of the projection

Key
bro meridian

bntral meridian

dcal meridian

apping of the central meridian
apping of the local meridian

OR WN
3 5 O N

3

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 gentrifugal effect. The gravity vector is defined by

o = gradW

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

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:

cp = Waeoid —Wp

where cp is expressed in square metres per square second.
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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 %, 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 ¢p according to the three following choices:

— orthometric height H, =cp /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, =cp /7, where y 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;

— dynamiqheight H4 =cp/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)l The
dynamid 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 jas an
approximation|of orthometric height.

Key
1 geoid
2 ellipsoid

3 surface of the Earth

h = ellipsoidal height, measured from ellipsoid along perpendicular passing through point; 2 = H + N
H = gravity-related height, measured along direction of gravity from vertical datum plane at geoid
N = geoid height, height of geoid above ellipsoid

Figure D.5 — Ellipsoidal and gravity-related heights
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