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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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

the ISO/IEC Directives, Part 1. In particular,
bes of ISO documents should be noted. This document was drafted in accordance\wit
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

The procedy
described i
different ty
editorial ru

Attention is|drawn to the possibility that some of the elements of this document may bethe subj¢ct of
patent rights. ISO shall not be held responsible for identifying any or all such patént-rights. Detalils of
any patent rjights identified during the development of the document will be in the)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation of the voluntary nature of standards, the imeaning of ISO specific termq and
expressions| related to conformity assessment, as well as information about ISO's adherence tp the
World Trad¢ Organization (WTO) principles in the Technical’Barriers to Trade (TBT), see wwjv.iso
.org/iso/forgword.html.

This documgnt was prepared by Technical Committee ISO/TC 211, Geographic information/Geomatjics in
close collabgration with the Open Geospatial Consortium (OGC).

This second|edition cancels and replaces the first'edition (ISO 19162:2015), which has been technically
revised.

The main changes compared to the previous edition are as follows:

— updateq to reflect the changes(made in ISO 19111:2019 from its previous edition ISO 19111:2007
to descyibe dynamic geodetic yeference frames, three-dimensional projected coordinate refefence
systemg, datum ensembles-and coordinate metadata;

— remodelling of the descriptions of temporal coordinate reference systems, to reflect the chgnges
made in ISO 19111¢2019;

— the coryjectionsefminor errors.

Further detgils.are given in Annex D.

In accordance with the ISO/IEC Directives, Part 2, 2018, Rules for the structure and drafting of
International Standards, in International Standards the decimal sign is a comma on the line. However,
the General Conference on Weights and Measures (Conférence Générale des Poids et Mesures) at its
meeting in 2003 passed unanimously the following resolution:

“The decimal marker shall be either a point on the line or a comma on the line.”

In practice, the choice between these alternatives depends on customary use in the language concerned.
In the technical areas of geodesy and geographic information it is customary for the decimal point
always to be used, for all languages. That practice is used throughout this document.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Well-known text (WKT) offers a compact machine- and human-readable representation of geometric
objects. WKT may also be used for succinctly describing the critical elements of coordinate reference
system (CRS) definitions.

WKT was described in the Open Geospatial Consortium implementation specifications 99-036
through 06-103r4 and ISO 19125-1:2004. The WKT representation of coordinate reference systems
was subsequently extended in Open Geospatial Consortium implementation specification 01-009
"Coordlnate Transformatlon Serv1ces and this extension was later adopted in the Open Geospatial

prov
infon

The
refen
earli

This
— 1

— 1
1

q

This
impl

1ard 12- 128r10 The WKT representatlon of coordmate reference systems as
19125-1:2004 and OGC specification 01-009 is inconsistent with the terminolégy apd technical

jsions of ISO 19111:2007 and OGC Abstract Specification topic 2 (08.01512),
mation — Spatial referencing by coordinates”.

015 version of this document provided an updated version of WKT representation o
ence systems that follows the provisions of ISO 19111:2007 and ISQ 19111-2:2009.
br WKT to allow for the description of coordinate operations.

he description of dynamic geodetic and vertical coordindtereference systems;

he change of coordinate values within a coordinate reference system due to point moti
ectonic deformation;

he description of geoid-based vertical coordinate reference systems;

he description of datum ensembles, groups of realizations of one terrestrial or vertid
ystem that for low accuracy purposes'mady be merged ignoring coordinate transforma

| rigorous description of temporahcoordinate reference systems;
he removal (deprecation) of image coordinate reference systems; and
he remodelling of scope-and extent information.

document defines the structure and content of well-known text strings. It does not pr
bmentations should read or write these strings.

plementation
defined in

‘Geographic

f coordinate
It extended

document updates WKT for the extensions to ISO 19111 made through its 2019 revisign:

n caused by

al reference
tion;

escribe how
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Geographic information — Well-known text representation
of coordinate reference systems

1 Scope

This document defines the structure and content of a text string implementation of the abstract model

for c
coor
by m|
upon
desc
excly
for h
Syste
WK
oper

applicability of the information.
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3.1

Fort
ISO 3
]

Normative references

POTQITTAtE TEfeTernce SyStens described i 1SO-19t i Thestrimg defimes frequentty iee
Hinate reference systems and coordinate operations in a self-contained form that is.ea
achines and by humans. The essence is its simplicity; as a consequence there are'somg
the more open content allowed in ISO 19111. To retain simplicity in the wel:krniown
ription of coordinate reference systems and coordinate operations, the scope of th
des parameter grouping and pass-through coordinate operations. The tegtstring provi

m definition with look-ups or cross references only to define coordinate operation ma
string is not suitable for the storage of definitions of coordinatereference systems o
htions because it omits metadata about the source of the dataiand may omit metada

following documents are referred to in the text(in such a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of the referfénced document (including any amendme

601-1, Date and time — Representations‘for information interchange — Part 1: Basic rull
EC 10646, Information technology-=-’Universal Coded Character Set (UCS)

9111:2019, Geographic information — Referencing by coordinates

[erms, definitions and abbreviated terms

Terms and définitions
he purposes 6f this document, the following terms and definitions apply.
nd IEGanaintain terminological databases for use in standardization at the following g

SO Online browsing platform: available at https://www.iso.org/obp

led types of
ily readable
constraints
text (WKT)
s document
des ameans

umans and machines to correctly and unambiguously interpret and utilise a coordinate reference

thematics. A
- coordinate
ta about the

heir content
applies. For
hts) applies.

es

ddresses:

I

EC Electropedia: available at http://www.electropedia.org/

31.1
affine coordinate system
coordinate system in Euclidean space with straight axes that are not necessarily mutually perpendicular

[SOU
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3.1.2
bearing
<geodesy> horizontal angle at a point relative to a specified direction

Note 1 to entry: The direction is usually specified to be north. In some communities the term bearing refers
specifically to grid north and directions relative to true north are then termed ‘azimuth’; in other communities a
bearing refers specifically to true north. In this document bearing is used for any specified reference direction.
The angle may be reckoned positive clockwise or positive counter-clockwise depending upon the application.

3.1.3

Cartesian coordinate system
coordinate system in Euclidean space which gives the position of points relative to n mutually
perpendicular straight axes all having the same unit of measure

Note 1 to entfy: nis 2 or 3 for the purposes of this document.
Note 2 to entfy: A Cartesian coordinate system is a specialisation of an affine coordinate system(
[SOURCE: IS0 19111:2019, 3.1.2]

3.1.4
compound poordinate reference system
coordinate feference system using at least two independent coordinate reference systems

Note 1 to entfry: Coordinate reference systems are independent of each other'if coordinate values in one cannot
be converted|or transformed into coordinate values in the other.

[SOURCE: IS0 19111:2019, 3.1.3]

3.1.5
coordinate|conversion
coordinate ¢peration that changes coordinates in a source coordinate reference system to coordipates
in a target doordinate reference system in which beth coordinate reference systems are based oh the
same datum

Note 1 to entfy: A coordinate conversion uses parameters which have specified values.

EXAMPLE 1 | A mapping of ellipsoidal coordinates to Cartesian coordinates using a map projection.
EXAMPLE 2 | Change of units suchras ffom radians to degrees or from feet to metres.

[SOURCE: IS0 19111:2019, 3 1.6}

3.1.6
coordinatelepoch
epoch to whiich coordinates in a dynamic coordinate reference system are referenced

[SOURCE: 1§0,19111:2019, 3.1.7]

3.1.7
coordinate operation

process using a mathematical model, based on a one-to-one relationship, that changes coordinates in
a source coordinate reference system to coordinates in a target coordinate reference system, or that
changes coordinates at a source coordinate epoch to coordinates at a target coordinate epoch within
the same coordinate reference system

[SOURCE: ISO 19111:2019, 3.1.8]

3.1.8
coordinate reference system
coordinate system that is related to an object by a datum

Note 1 to entry: Geodetic and vertical datums are referred to as reference frames.

2 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=02cc0e8ba3e861d989125db486fa099c

IS0 19162:2019(E)

Note 2 to entry: For geodetic and vertical reference frames, the object will be the Earth. In planetary applications,
geodetic and vertical reference frames may be applied to other celestial bodies.

[SOURCE: 1SO 19111:2019, 3.1.9]

3.19
coordinate system
set of mathematical rules for specifying how coordinates are to be assigned to points

[SOURCE: ISO 19111:2019, 3.1.11]

3.1.10

coordinate transformation
coorflinate operation that changes coordinates in a source coordinate reference system.te|coordinates
in a farget coordinate reference system in which the source and target coordinatereferepce systems
are Hased on different datums

Note [l to entry: A coordinate transformation uses parameters which are derived emipirically. Any ¢rror in those
coordinates will be embedded in the coordinate transformation and when the coordinate trangformation is
appligd the embedded errors are transmitted to output coordinates.

Note [2 to entry: A coordinate transformation is colloquially sometimes referred to as a 'datum trapsformation'.
This fis erroneous. A coordinate transformation changes coordinate yalues. It does not change the definition
of the datum. In this document coordinates are referenced to a ¢oerdinate reference system. A coordinate
trangformation operates between two coordinate reference systems, ot between two datums.

[SOURCE: ISO 19111:2019, 3.1.12]

3.1.11
cylindrical coordinate system
thre¢-dimensional coordinate system in Euclideanh space in which position is specified by two linear
coorflinates and one angular coordinate

[SOURCE: ISO 19111:2019, 3.1.14]

3.1.12
datum

referfence frame
parameter or set of parameters that realize the position of the origin, the scale, and the origntation of a
coorglinate system

[SOURCE: 1SO 19111:2019, 3.1.15]

3.1.13
m ensemble
group of mudtiple realizations of the same terrestrial or vertical reference system that, for §pproximate
spatial référencing purposes, are not significantly different

Note

" y be merged
without coordinate transformation.

Note 2 to entry: ‘Approximate’ is for users to define but typically is in the order of under 1 decimetre but may be
up to 2 metres.

EXAMPLE “WGS 84” as an undifferentiated group of realizations including WGS 84 (TRANSIT), WGS 84
(G730), WGS 84 (G873), WGS 84 (G1150), WGS 84 (G1674) and WGS 84 (G1762). At the surface of the Earth these
have changed on average by 0.7 m between the TRANSIT and G730 realizations, a further 0.2 m between G730 and
G873, 0.06 m between G873 and G1150, 0.2 m between G1150 and G1674 and 0.02 m between G1674 and G1762.

[SOURCE: ISO 19111:2019, 3.1.16]

© IS0 2019 - All rights reserved 3
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derived coordinate reference system
coordinate reference system that is defined through the application of a specified coordinate conversion

to the coord

inates within a previously established coordinate reference system

Note 1 to entry: The previously established coordinate reference system is referred to as the base coordinate

reference sys

tem.

Note 2 to entry: A derived coordinate reference system inherits its datum or reference frame from its base
coordinate reference system.

Note 3 to entry: The coordinate conversion between the base and derived coordinate reference system is

implemented|
[SOURCE: IS

3.1.15
dynamic cg
coordinate 1

Note 1 to en
coordinate r¢
and glacial is

Note 2 to en
coordinate ejf

[SOURCE: IS

3.1.16
dynamic re
dynamic dat

Note 1 to ent
[SOURCE: I

3.1.17
ellipsoid
reference el
<geodesy> §
rotated abo

Note 1 to ent
ellipsoid witH

[SOURCE: IS

using the parameters and formula(s) specified in the definition of the coordinate conversion,

019111:2019, 3.1.8]

ordinate reference system
eference system that has a dynamic reference frame

try: Coordinates of points on or near the crust of the Earth that are’Feferenced to a dy
ference system may change with time, usually due to crustal deformations such as tectonic m
bstatic adjustment.

[ry: Metadata for a dataset referenced to a dynamic coordigate’reference system should inj
och information.

019111:2019, 3.1.9]

ference frame
umreference frame in which the defining’parameters include time evolution

Fy: The defining parameters that have time evolution are usually a coordinate set.

0 19111:2019, 3.1.20]

ipsoid
It @ main axis

F'y: For the Eauth the ellipsoid is bi-axial with rotation about the polar axis. This results in an d
the midpeintof the foci located at the nominal centre of the Earth.

0 19111:2019, 3.1.22]

3.1.18

hamic
otion

clude

reometric reference-surface embedded in 3D Euclidean space formed by an ellipse that is

blate

ellipsoidal coordinate system
geodetic coordinate system

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

[SOURCE: IS

019111:2019, 3.1.23]

© ISO 2019 - All rights reserved
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3.1.19
ellipsoidal height

geod
h

etic height

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

Note 1 to entry: Only used as part of a three-dimensional ellipsoidal coordinate system or as part of a three-
dimensional Cartesian coordinate system in a three-dimensional projected coordinate reference system, but
never on its own.

[SOU,

3.1.2
engi
coor

EXAN
build

EXAN

EXAN
found

[SOU

3.1.2
engi
local
datu

Note
[SOU|

3.1.2
epod
<geo

Note
EXAN
[SOU

3.1.2
flatt

RCE:1SQ19111:2019 3 1 ’)A]

0
neering coordinate reference system
linate reference system based on an engineering datum

IPLE1  System for identifying relative positions within a few kilometres of the reference pq
ng or construction site.

IPLE 2  Coordinate reference system local to a moving object such as«aShip or an orbiting sy

IPLE 3  Internal coordinate reference system for an image. This-has continuous axes. |
ation for a grid.

RCE: ISO 19111:2019, 3.1.25]

1

heering datum

datum

m describing the relationship of a coordinatesystem to a local reference

1 to entry: Engineering datum excludes both’geodetic and vertical reference frames.
RCE: 1SO 19111:2019, 3.1.26]

2
h
desy> point in time

1 to entry: In this doCument an epoch is expressed in the Gregorian calendar as a decimal year
(PLE 2017-03-25 in the Gregorian calendar is epoch 2017,23.
RCE: 1SO 19411:2019, 3.1.27]

3
ening

int, such as a

acecraft.

may be the

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

semi

-major axis: f= (a - b)/a

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

[SOURCE: ISO 19111:2019, 3.1.28]

3.1.24
frame reference epoch
epoch of coordinates that define a dynamic reference frame

[SOURCE: 1SO 19111:2019, 3.1.29]
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3.1.25
geodetic co

:2019(E)

ordinate reference system

three-dimensional coordinate reference system based on a geodetic reference frame and having either
a three-dimensional Cartesian or a spherical coordinate system

Note 1 to entry: In this document a coordinate reference system based on a geodetic reference frame and having
an ellipsoidal coordinate system is geographic.

[SOURCE: IS

3.1.26
geodetic la

019111:2019, 3.1.31]

fitude

ellipsoidal I3

¢
angle from t

treated as p
[SOURCE: I§

3.1.27
geodeticlo
ellipsoidal
A

angle from {

[SOURCE: IS

3.1.28

geodetic re
reference fr
to the Earth|

Note 1 to ent
both modern

[SOURCE: IS

3.1.29
geographic
coordinate 1

[SOURCE: I§

3.1.30
linear coor
one-dimens

EXAMPLE 1

ititude

he equatorial plane to the perpendicular to the ellipsoid through a given point, northw
psitive

0 19111:2019, 3.1.32]

hgitude

ngitude

he prime meridian plane to the meridian plane of a givengpoint, eastward treated as poj

0 19111:2019, 3.1.33]

ference frame
hme or datum describing the relationship of @two- or three-dimensional coordinate sy

ry: In the data model described in this decument, the UML class GeodeticReferenceFrame ing
terrestrial reference frames and classical geodetic datums.

0 19111:2019, 3.1.34]

coordinate reference system
eference system thathas a geodetic reference frame and an ellipsoidal coordinate sys

0 19111:2019,3:1:35]

inate system
onaleeerdinate system in which a linear feature forms the axis

rards

itive

stem

ludes

em

Distances along a pipeline.

EXAMPLE 2
[SOURCE: IS

3.1.31
map projec

Depths down a deviated oil well bore.

019111:2019, 3.1.39]

tion

coordinate conversion from an ellipsoidal coordinate system to a plane

[SOURCE: IS

019111:2019, 3.1.40]
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3.1.32
parametric coordinate reference system
coordinate reference system based on a parametric datum

[SOURCE: ISO 19111:2019, 3.1.45]

3.1.33

parametric coordinate system

one-dimensional coordinate system where the axis units are parameter values which are not
inherently spatial

[SOURCE-1S0 19111:2019 31 46]

3.1.34
parametric datum
datum describing the relationship of a parametric coordinate system to an object

Note [l to entry: The object is normally the Earth.
[SOURCE: ISO 19111:2019, 3.1.47]

3.1.35
point motion operation
coorflinate operation that changes coordinates within one coordinate reference systen] due to the
motipn of the point

=3

Note |l to entry: The change of coordinates is from those at an initial epoch to those at another epoc
Note |2 to entry: In this document the point motion is due te'tectonic motion or crustal deformation
[SOURCE: I1SO 19111:2019, 3.1.48]

3.1.36

polar coordinate system
two-dimensional coordinate system(in Euclidean space in which position is specified by ¢ne distance
coorgdlinate and one angular coordinate

Note [l to entry: For the three-dirhehsional case, see spherical coordinate system.
[SOURCE: ISO 19111:2019; 3.1.49]

3.1.37
prime meridian
merifdian from wiiich the longitudes of other meridians are quantified

[SOURCE: 1§6-19111:2019, 3.1.50]
3.1.38

1'0. hetod caoordinato rafarancn cuctam
projeectea-€oorainatereterence-system

coordinate reference system derived from a geographic coordinate reference system by applying a map
projection

Note 1 to entry: May be two- or three-dimensional, the dimension being equal to that of the geographic coordinate
reference system from which it is derived.

Note 2 to entry: In the three-dimensional case the horizontal coordinates (geodetic latitude and geodetic
longitude coordinates) are projected to northing and easting and the ellipsoidal height is unchanged.

[SOURCE: ISO 19111:2019, 3.1.51]
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reference frame

datum

parameter or set of parameters that realize the position of the origin, the scale, and the orientation of a

coordinate s
[SOURCE: IS

3.1.40
semi-major
a

ystem

0 19111:2019, 3.1.52]

axis

semi-diame
[SOURCE: IS

3.141
semi-minoi
b

semi-diame

[SOURCE: IS

3.1.42
spatio-pars
compound

spatial coor

Note 1 to ent
[SOURCE: IS

3.1.43
spatio-para
compound
reference sy

[SOURCE: IS

3.1.44
spatio-tem
compound
spatial coor

[SOURCE: I§

3.1.45
spherical c

£l o1 i H £ 11 il
C1 UT LIIT lUllsCDL daalo Ul dall CllllJDUl\.»l

0 19111:2019, 3.1.53]

" axis
fer of the shortest axis of an ellipsoid

0 19111:2019, 3.1.54]

metric coordinate reference system

Hinate reference system and one is a parametric cootdinate reference system
y: Normally the spatial component is “horizontal” and'the parametric component is “vertical”

0 19111:2019, 3.1.57]

metric-temporal coordinate referénce system
foordinate reference system comprised of spatial, parametric and temporal coord
stems

0 19111:2019, 3.1.58]

poral coordinate reference system

Hinate referen€e)System and one is a temporal coordinate reference system

0 19111;2019, 3.1.59]

pordinate system

three-dimer

foordinate reference system in which one constituent coordinate reference systeni i

foordinate referencé system in which one constituent coordinate reference systemn i

inate

sienal coordinate system in Euclidean space in which position is specified by one dis

ance

coordinate and two angular coordinates

Note 1 to entry: Not to be confused with an ellipsoidal coordinate system based on an ellipsoid ‘degenerated’ into

a sphere.
[SOURCE: IS

3.1.46
spheroid
closed surfa

019111:2019, 3.1.60]

ce that differs only slightly from that of a sphere
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3.1.47

stati

c coordinate reference system

coordinate reference system that has a static reference frame

Note 1 to entry: Coordinates of points on or near the crust of the Earth that are referenced to a static coordinate
reference system do not change with time.

Note 2 to entry: Metadata for a dataset referenced to a static coordinate reference system does not require
coordinate epoch information.

[SOU

RCE: ISO 19111:2019, 3.1.61]

3.1.48

stati
stati
refern

[soy
3.14

reference frame
c datum
ence frame in which the defining parameters exclude time evolution

RCE: [SO 19111:2019, 3.1.62]
9

temporal coordinate reference system

coor
[SOU
3.1.5

linate reference system based on a temporal datum
RCE: ISO 19111:2019, 3.1.63]
0

temporal coordinate system

<geo|
[SOU
3.1.5

desy> one-dimensional coordinate system where-the axis is time
RCE: 1SO 19111:2019, 3.1.64]
1

temporal datum

datu
Note
[SOU|

3.1.5
vert
one-

[SOU

3.1.5
vert
one-

n describing the relationship of a temporal coordinate system to an object
1 to entry: The object is normally-time on the Earth.
RCE: ISO 19111:2019, 3.1.65)

2
cal coordinate reference system
limensional coofdinate reference system based on a vertical reference frame

RCE: ISO 19141:2019, 3.1.70]

3
cal.coordinate system

limensional coordinate system used for gravity-related height or depth measurements

D

[SOU

RCE: ISO 19111:2019, 3.1.71]

3.1.54
vertical reference frame

verti
refer

cal datum
ence frame describing the relation of gravity-related heights or depths to the Earth

Note 1 to entry: In most cases, the vertical reference frame will be related to mean sea level. Vertical datums include
sounding datums (used for hydrographic purposes), in which case the heights may be negative heights or depths.

Note 2 to entry: Ellipsoidal heights are related to a three-dimensional ellipsoidal coordinate system referenced

toag

[SOU

© ISO
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3.1.55
white space
sequence of one or more characters that have no glyphs

[SOURCE: ISO/IEC 9075-2:2016, 3.1.6.77]

3.2 Abbreviated terms

BNF Backus-Naur form

CRS coordinate reference system

CS cogrdinate system

EPSG  European Petroleum Survey Group (geodetic parameter dataset now maintainedat
www.epsg-registry.org by the International Association of Oil and Gas Produgefs)

IRM international reference meridian

0GC Opgn Geospatial Consortium, www.opengeospatial.org
TRF Tenrestrial Reference Frame

UTC Co¢rdinated Universal Time

VRF Vertical Reference Frame

WKT Welll-known text

4 Conformance requirements

This documgnt defines eighteen classes of confarmance (see Annex A):

a) Any WHKT string claiming conformance of a coordinate reference system definition shall satisfly the

requirements in Annex A as shownsin Table 1.

Table 1 — Conformance requirements for coordinate reference systems

Conformance
Coordinate reference system type requirements
given in

geodetic . Al
geographic
projected A2
vertical A3
engineering A4
parametric A5
temporal A.6
derived geodetic
derived geographic
derived projected A8
derived vertical A9
derived engineering A.10
derived parametric Al1l
derived temporal A12
compound A13

10
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b) Any WKT string claiming conformance of coordinate metadata shall satisfy the requirements given

i

nA.14.

c¢) Any WKT string claiming conformance of a coordinate operation definition shall satisfy the
requirements in Annex A as shown in Table 2.

Table 2 — Conformance requirements for coordinate operations

1

Conf
read

5 1
The

in th
in IS

. . Conformance
Coordinate operation type . . .
requirements given in
coordinate transformation
coordinate conversion other than a AlS
deriving conversion
deriving conversion Within derived CRS
& inA.2 and A.7 to A.12

point motion operation A.le6
concatenated coordinate operation A17

Any WKT string claiming conformance of coordinate transfeormation bound to 3
eference system definition shall satisfy the requirements giverin A.18.

brmance is applicable to the WKT string. Recommended, practices for implementation
ng coordinate reference system WKT strings are given.intAnnex B.
Backus-Naur Form notation and syntax

WKT representation of coordinate reference systems and coordinate operations

prod

O/IEC 9075-1:2016, 6.2. The BNF prewdes the mechanism for generating a WKT
ction rules in ISO/IEC 9075-1:2016,°6-2 apply.

In this extended version of BNF the characters have the meaning:

character string enclosed-ir‘angle brackets "< >" is a syntactic element.

vertical bar "|" indicates alternatives.

lvln

races "{ }" define'a group of elements.

coordinate

s writing or

is defined

is document using the extended versioniof Backus-Naur form (BNF) notation that is defined

string. The

quare brackets’“[ |” denote optional elements. This use of square brackets within BNF notation

hould not be-confused with the use of square brackets as delimiters in WKT strings.
llipsistafter an element “< >...” allows the use of one or multiple instances of that elem

Wlipsis after braces "{ }..." allows the use of one or multiple instances of of the group of]

ent.

elements.

— Ellipsis after square brackets "[ ]..." means that the content inside the square brackets may occur
zero to many times.

— Double exclamation marks "! !" introduce normal English text. This is used when the definition of a
syntactic element is supplemented by constraints not in the BNF definition but given later in the text.

In the BNF notation spaces are used to separate syntactic elements. Multiple spaces and line breaks
are treated as a single space. These spaces do not form part of the resulting WKT string. All other
characters in the BNF stand for themselves. The order of syntactic elements in the BNF is significant; it
defines the format of the WKT string.

© ISO

2019 - All rights reserved
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6 WKT string form

6.1 Overview

The WKT string is a representation of the definition of a CRS or coordinate operation. A string describes
one CRS or coordinate operation object. Each object is represented by a token comprised of a keyword
followed by a set of attributes of the object, the set enclosed by delimiters. Some objects are composed
of other objects so the result may be a nested structure. Nesting may continue to any depth.

EXAMPLE

Keywords a
keywords a

The delimitg
parentheseq

Attributes 1
quotes. Two
any Unicodsg

A WKT stri

improve huinan readability is permitted; the examples of WKT that areincluded in this document

spaces and
refer to Ann

6.2 Enco

All WKT strj
document t(
encoding sh

Requireme
a) A WKT
encodin

The chg
charact
Set spec

b)

6.3 Characters used-in WKT

6.3.1 Bas

KEYWORD1 [attributel, KEYWORD2 [attribute2, attribute3]]

‘e normally in upper case.

rs are normally <left bracket> and <right bracket>. Implementations are freg,to/subst
for brackets.

hay be from an enumeration, may be numbers or may be text. Text ishenclosed in d
forms of text are defined, one restricted to the Latin1 character set andjthe other permi
character set. Attributes are separated by a comma.

1g contains no white space outside of double quotes. However, padding with white sp4

ine feeds inserted to improve clarity. Any padding is _stripped out or ignored by paj
ex B.

ling

ings are realized as a sequence of charactersyor a character string. It is not the goal o
specify any encoding used in a given implementation. The only restriction is that the
pll be used throughout the entire WKT+definition.

nts:

string shall use one encoding throughout the entire string. UTF-8 shall be used
g is specified in the carrier:

racters used in a WKT.string shall be wholly contained within the domain of a sp
br set. This charactér set shall exist as a subset of the repertoire of the Universal Char
ified by ISO/IEC10646.

ic characters

The basic c

'€ case-1nsensitive. Where numan reada[illlfy of the Sfl'll’lg 1S lmporfanf, as in this aocuilnent,

itute

uble
ting

ce to
have
sers,

f this

bame

if no

beific
hcter

aractersin a CRS WKT string are taken directly from ISQ/IEC 9075-2:2016,5.1 and 5

<simple Latin

<simple Latin

<digit>

12

A|BICID|E[F|G[H[I[J|K|L|M]
NIO|P|QIR|S[T|U[V|W[X]|Y]|Z

'l ISO/IEC 10646:2012 character identifiers U+0041
through U+005A

albfcldfe|flg|h|ilj|k|l[m]

upper case letter>

lower case letter>
njo|plaglr|s|tlulv|w]|x]|y]|z

'l ISO/IEC 10646:2012 character identifiers U+0061
through U+007A

01112]314]5]6]/7]8]9

'l ISO/IEC 10646:2012 character identifiers U+0030
through U+0039
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<space> SP 'l ISO/IEC 10646:2012 character identifier
<double quote> " !'l ISO/IEC 10646:2012 character identifier
<number sign> # 'l ISO/IEC 10646:2012 character identifier
<percent> % I'l ISO/IEC 10646:2012 character identifier
<ampersand> & 'l ISO/IEC 10646:2012 character identifier
<quote> ! 'l ISO/IEC 10646:2012 character identifier
<left paren> ( !'! ISO/IEC 10646:2012 character identifier
<right paren> ) 'l ISO/IEC 10646:2012 character identifier
<asterisk> * 'l ISO/IEC 10646:2012 character identifier
<plug sign> + 'l ISO/IEC 10646:2012 character identifigr
<comjma> , !'!l ISO/IEC 10646:2012 character identifigr
<minus sign> - <hyphen> - !'l ISO/IEC 10646:2012 character identifigr
<perjod> 'l ISO/IEC 10646:2012 charactep~rdentifigr
<solifus> / !'! ISO/IEC 10646:2012 charaéber identifigr
<coldn> !'!l ISO/IEC 10646:2012 chaxacter identifigr
<senticolon> R !'l ISO/IEC 10646:2012 ktharacter identifigr
<less|than operator> < 'l ISO/IEC 10646:2012\ character identifigr
<equpls operator> = !'l ISO/IEC 10646£2012 character identifigr
<gregter than operator> > 'l ISO/IEC 10646w2012 character identifigr
<queption mark> ? I'l ISO/IEC 1N646:2012 character identifigr
<left pracket> [ !'l ISO/IECN0646:2012 character identifigr
<revgrse solidus> \ 'l ISOMIEC 10646:2012 character identifigr
<right bracket> ] 'l I8O/IEC 10646:2012 character identifigr
<circumflex> A IANISO/IEC 10646:2012 character identifigr
<undlerscore> _ /! ISO/IEC 10646:2012 character identifigr
<leftprace> { !'l ISO/IEC 10646:2012 character identifigr
<vertical bar> [ I'!l ISO/IEC 10646:2012 character identifigr
<righlt brace> } !'! ISO/IEC 10646:2012 character identifigr
<deglee symbol> ° 'l ISO/IEC 10646:2012 character identifigr
6.3.7 Numbers

<nunmber> <signed numeric literal> | <unsigned numeric literal>

<sigrled numeric litéral> [ <sign>] <unsigned numeric literal>

<unsjgned numéric literal> <exact numeric literal> | <approximate numeric literal>
<appfoximateniumeric literal> <mantissa> E <exponent>

<mantissaz <exact numeric literal>

<expbnent cignpdinrpgpr

<signed integer>

<exact numeric literal>

<unsigned integer>

<sign>

[ <sign> ] <unsigned integer>

<unsigned integer> [ <period> [ <unsigned integer>] ]

| <period> <unsigned integer>

<digit>...

<plus sign> | <minus sign>

U+0020
Uu+0022
Uu+0023
U+0025
U+0026
u+0027
Uu+0028
U+0029
U+002A
U+002B
Uu+002C
Uu+002D
U+002E
U+002F
U+003A
U+003B
U+003C
U+003D
U+003E
U+003F
U+005B
U+005C
U+005D
U+005E
U+005F
U+007B
U+007C
U+007D
U+00BO

The integer and fractional parts of a number are separated by a <period>; a comma is not permitted. No
other separator (e.g. for thousands or multiples thereof) is allowed.

© ISO
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6.3.3 Date and time

In this document calendar dates and times are restricted to the Gregorian calendar and the 24-hour
clock as defined in ISO 8601-1. Only the ISO 8601-1 extended format (separators between date units and
between sexagesimal time units) is permitted. Any precision is allowed. When time is included a UTC
or local time zone designator is required. Other date formats such as geological eras or calendars other
than Gregorian may be stated through a free format quoted text string.

<datetime> = <Gregorian calendar datetime> | <Gregorian ordinal datetime>
<Gregorian calendar datetime> = <Gregorian calendar date> [ <24 hour clock> ]
<Gregorian calendar date> = <year> [ <hyphen> <month> [ <hyphen> <day>]]
<year> u=  <unsigned integer> I'l' four digits
<month> = <unsigned integer>
!I'l' two digits including leading zero if less(than 10
<day> 1= <unsigned integer>
'l two digits including leading zero if'\Né&ss than 10
<Gregorian ojdinal datetime> u=  <Gregorian ordinal date> [ <24 hour clock> ]
<Gregorian ofdinal date> u=  <year> [ <hyphen> <ordinal day> |
<ordinal day> 1= <unsigned integer>
'l three digits including le@dihg zeroes if less than| 100
<24 hour clock> = <time designator> <hour>
[ <colon> <minute> [ <colon> <sgeond> | |
<time zone designator>
<time designdtor> u= T
<hour> u=  <unsigned integer>
'l two digitsy including leading zero if less than 10
<minute> u=  <unsigned integer>
I'l twg" digits including leading zero 1f less than 10
<second> u=  <seconds integer> [ <period> [ <seconds fraction> ] |
NNIn this document the separator between the integer
and fractional parts of a second value shall be a
period. The 1IS08601 preference for comma 1is not
permitted.
<seconds integer> = <unsigned integer>
I'l two digits including leading zero 1if less than 10
<seconds fracftion> u=  <unsigned integer>
<time zone dgsignator> u=  <utcdesignator> | <local time zone designator>
<utc designatpr> u= Z
<local time zone-designator> u=  {<plussign> | <minus sign> } <hour> [ <colon> <minute> |

In ISO 8601-1 time zone designator may be omitted, in which case local time is assumed but unspecified.
In this document a time zone designator is mandatory.

EXAMPLE 1 2014 (Precision = year)

EXAMPLE 2 2014-01 (Calendar date, precision = month)

EXAMPLE 3 2014-03-01 (Calendar date, precision = day)

EXAMPLE 4 2014-060 (Ordinal date, precision = day)

EXAMPLE 5 2014-05-06T232 (Calendar date, precision = hour, UTC)

EXAMPLE 6 2014-157T23% (Ordinal date, precision = hour, UTC)

EXAMPLE 7 2014-07-12T16:002 (Precision = minute, UTC)

EXAMPLE 8 2014-07-12T17:00+01 (Precision = minute, local time one hour ahead of UTC)
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EXAMPLE 9 2014-09-18T08:17:56-08 (Precision = second, local time eight hours behind UTC)
EXAMPLE 10 2014-11-23T00:34:56.7892 (Precision =1/1 000 second, UTC)

6.3.4 CRS WKT characters

The characters permitted in elements of a CRS WKT string formed from those in 6.3.1, 6.3.2 and 6.3.3 are:

<left delimiter> u= <left bracket> | <left paren>

!I'l' In this document the preferred left delimiter 1is
<left bracket>. <left paren> is permitted for backward
compatihility Implementation hall he ahle to read

both forms.

<right delimiter> u= <right bracket> | <right paren> !l See 6.4.

<wkf{ separator> u= <comma>

<quofed Latin text> u= <double quote> <wkt Latin text character>... <double)quote>
<wk{ Latin text character> u= <simple Latin upper case letter>

| <simple Latin lower case letter>

| <digit> | <underscore>

| <left bracket> | <right bracket> | <left paren> | <right paren>
| <left brace> | <right brace>

| <less than operator> | <equals operator>

| <greater than operator>

| <period> | <commaX| <colon> | <semicolon>

| <plus sign> | <minus sign> | <space> | <number sign>

A4

| <percent>\&ampersand> | <quote> | <asterisk> | <circumflex

V

| <solidus® | <reverse solidus> | <question mark> | <vertical bar]

| <degree symbol> | <doublequote symbol>

<quofed Unicode text> u= <double quote> { <wkt Unicode text character> }... <double quotp>
<wkt Unicode text character> - <nondoublequote character> | <doublequote symbol>
<nondoublequote character> N\ 'l A <nondoublequote character> is any charactgr of the

source language character set other than a
<double quote>.

nn

<douplequote symbol> u= !'l two consecutive <double quote> characters

6.3.§ Double quete

Requirement:/If a double quote is required within a <quoted Latin text> or <quoted Unicode text>
strinjg, a <doublequote symbol> shall be used.

EXANMPLE "Datum origin is 30°25'20""N, 130°25'20""E."

6.4 Delimiter

In WKT strings the attributes for an item are included within a pair of left and right delimiters. The
delimiters should normally be <left bracket>and <right bracket>. Implementations are free to substitute
parentheses for brackets. If <left bracket> is used as a <left delimiter> then <right bracket> is required
to be used as the corresponding <right delimiter>; if <left paren> is used as a <left delimiter> then
<right paren> is required to be used as the corresponding <right delimiter>. A nested token is required
to use the same type of delimiter as the token in which it is nested.

Requirement: A CRS WKT string shall include only one of the two forms of delimiter, brackets or
parentheses, allowed in 6.3.4.
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6.5 Case sensitivity

WKT keywords are case insensitive: KEYWORD, keyword, KeyWord and KEYwWORd are all equivalent.
Where human readability is important (as in the examples in this document) keywords should be
written in only the <simple Latin upper case letter> set. KEYWORD is not equivalent to KEY_WORD; the
underscore character is significant.

WKT enumerations are case insensitive. CARTESIAN is equivalent to cartesian is equivalent to
Cartesian; NORTH is equivalent to north is equivalent to North.

Within quoted text, case is significant. “H” is not equivalent to “h”.

Requiremepnt: Outside of quoted text, characters in a WKT string shall not be case sensitive.

6.6 Reserved keywords

The keywords defined in Clauses 7 to 20 and Annex E of this document for coprdinate refegence
systems, coprdinate operations, their component elements and their attributes are.summarised here.
Those forme¢d from multiple words or abbreviations are given in camel case to aid understanding; see
6.5 for impl¢mentation in a WKT string.

Keyword BNF element Clause in which definpd
abridgedTrapsformation <abridged transformation keyword> 20

anchor <datum anchor keyword> 8,10,11 and 12

angleUnit <angle unit keyword> 7

area <area description keyword> 7

axis <axis keyword> 7

baseEngCRS <base engineering crs keyword> 14

baseGeodCRS <base geodetic crs keyword> 9 and 14

baseGeogCRP <base geographic crs keyword> 9 and 14

baseParamCRS <base parametric cks kKeyword> 14

baseProjCRS <base projectediers keyword> 14

baseTimeCRp <base temparal crs keyword> 14

baseVertCRS <base vertical crs keyword> 14

bBox <geographic bounding box keyword> 7

bearing <bearing keyword> 7

boundCRS <bound crs keyword> 20

calendar <calendar keyword> 13

citation <citation keyword> 7

compoundCRS <compound crs keyword> 15

concatenatedOperation coreatenated-operationkeyword 19

conversion <map projection keyword> 9

coordEpoch Alternative keyword for coordinate epoch 16

coordinateMetadata <coordinate metadata keyword> 16

coordinateOperation <operation keyword> 17

cs <cs keyword> (coordinate system) 7

datum <geodetic reference frame keyword> 8

derivedProjCRS <derived projected crs keyword> 14

derivingConversion <deriving conversion keyword> 14

dynamic <dynamic crs keyword> 7

eDatum <engineering datum keyword> 11
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Keyword BNF element Clause in which defined
ellipsoid <ellipsoid keyword> 8
engCRS <engineering crs keyword> 11 and 14
engineeringCRS Alternative keyword for engineering crs 11 and 14
engineeringDatum Alternative keyword for engineering datum 11
ensemble <datum ensemble keyword> 7
ensembleAccuracy <datum ensemble accuracy keyword> 7
epoch <coordinate epoch keyword> 16
frameEpoch <frame reference epoch keyword> Z
geodCRS <geodetic crs keyword> 8and 14
geodeticCRS Alternative keyword for geodetic crs 8 and 14
geodeticDatum Alternative keyword for geodetic reference frame 8
geog[CRS <geographic crs keyword> 8.and 14
geogfaphicCRS Alternative keyword for geographic crs 87and 14
geoidModel <geoid model ID keyword> 10
id <identifier keyword> 7
interjpolationCRS <interpolation crs keyword> 17
lengthUnit <length unit keyword> 7
memper <datum ensemble member keywords 7
merifdian <meridian keyword> 7
metHod (i) <map projection method kéyword> 9

(ii) <operation method keyword> 14,17 and 18
model <deformation model ID\keyword> 7
operationAccuracy <operation accuraey-keyword> 17 and 18
order <axis order keyword> 7
parameter <parameter.keyword> 9,14,17 and 18§
parameterFile <parameter file keyword> 14,17 and 18
parametricCRS <patarnetric crs keyword> 12 and 14
parametricDatum Alternative keyword for parametric datum 12
parametricUnit <parametric unit keyword> 7
pDatum <parametric datum keyword> 12
pointMotionOperatiott <point motion operation keyword> 18
primeM <prime meridian keyword> 8
primeMeridian Alternative keyword for prime meridian 8
proj¢RS <projected crs keyword> 9
projeetedcRS Alternative keywordforprojected-ers 9
projection Alternative keyword for map projection method 9
remark <remark keyword> 7
scaleUnit <scale unit keyword> 7
scope <scope keyword> 7
sourceCRS <source crs keyword> 17 and 18
spheroid Alternative keyword for ellipsoid 8
step concatenated operation <step keyword> 19
targetCRS <target crs keyword> 17
tDatum <temporal datum keyword> 13
TRF Alternative keyword for geodetic reference frame 8

© IS0 2019 - All rights reserved
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Keyword BNF element Clause in which defined
temporalQuantity Alternative keyword for time unit 7
timeCRS <temporal crs keyword> 13 and 14
timeDatum Alternative keyword for temporal datum 13
timeExtent <temporal extent keyword> 7
timeOrigin <temporal origin keyword> 13
timeUnit <temporal unit keyword> 7

triaxial <triaxial ellipsoid keyword> Annex E
unit Alternative keyword for all units Z

uri <uri keyword> 7

usage <usage keyword> 7
vDatum <vertical reference frame keyword> 10
velocityGrid Alternative keyword for deformation model ID 7

version <operation version keyword> 17-20
vertCRS <vertical crs keyword> 10-and 14
verticalCRS Alternative keyword for vertical crs 10 and 14
verticalDatum Alternative keyword for vertical reference frame 10
verticalExtent <vertical extent keyword> 7

VRF Alternative keyword for vertical reference frame 10

6.7 Backward compatibility

This documlent makes several references to backwardc€ompatibility. Backward compatibility njeans
that an impJementation of the text strings in this document would be able to read CRS WKT stfings
conformingfto the old (ISO 19125-1:2004) syntax. lt'does not mean that a parser of a string complignt to
ISO 19125-1f2004 could read WKT strings writteh-in conformance with this document. It also does not
require an implementation of the text strings‘inthis document to be able to output an object according
to the old syntax. B.8 gives guidance on determining the version of a CRS WKT string. A mappipg of
older syntaxes to this document is given in.Annex C. Revisions to ISO 19162:2015 made in this document
are describgd in Annex D.

7 WKT nepresentation 6f common attributes

7.1 Genefal

The WKT representation of attributes that are common to coordinate reference systems and coordjnate
operations +— namejscope, extent, identifier and remarks — is described in 7.2 to 7.4. Coordinate syjstem
(a component.oficoordinate reference systems) is described in 7.5. Elements for a datum ensemblé¢ and
a dynamic cohordinate reference system are described in 7.6 and 7.7 respectively. Attributes specific to
coordinate reference systems and to coordinate operations are described in Clauses 8 to 19.

7.2 Name

From a computational perspective name is redundant information provided for human readability.
For example, an ellipsoid is defined by the values of the semi-major axis and inverse flattening, and
the ellipsoid name is redundant information. However, the name may be used to verify the defining
values against those from an authoritative source. Comment on the comparison of text strings is given
in Annex B.

NOTE Name is a required attribute for the CRS object as well as for some component objects. Depending
upon the convention adopted for CRS naming, this can result in duplication of name within the CRS WKT string.
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Scope, extent, identifier and remark

7.3.1 General

The BNF element <scope extent identifier remark> is a collection of four optional attributes which may
be applied to a coordinate reference system, a coordinate operation or a bound CRS. The <scope extent
identifier remark> collection is to simplify the BNF through grouping. Usage (<scope> and <extent>) is
described in 7.3.2, <identifier> in 7Z.3.3 and <remark> in 7.3.4.

Requirement: The WKT representation of a <scope extent identifier remark> element shall be:

<scoj

7.3.2

7.3.2

Usag
<ext
diffe
as a
boun

Requirement: The WKT representation of a <usage>element shall be:

<usa

<usa

EXAN

EXAN

The individual <scape> and <extent> elements are described in the following subclauses. S¢

furth

7.3.2

Scop

e extent identifier remark> = [{<wktseparator> <usage>}]...
[ { <wkt separator> <identifier>} ]...
[ { <wkt separator> <remark> } |
Usage (scope and extent)
.1 Usage
e is an optional attribute which if included in a WKT string shall include both 4

ent>. Multiple pairs of scope/extent may be used to describethe usage for different py
Fent extents. In this document the <scope> and <extent>(glements may not be given al
pairing. Within each pairing, extent may consist of one.or more of area textual desc]
ding box, vertical extent and/or temporal extent, see#3.2.3.

be> = <usage keyword> <left delimiter>
<scope> <wkt separator> <extent>
<right delimiter>

be keyword> = USAGE

IPLE1  Structure of one scope-extent pairing

USAGE [<scope>, Lextent>]

IPLE 2 Structure of two scope-extent pairings
USAGE [scépel, extentl], USAGE [scope2,extent?2]

er examples.ofscope and extent pairings.

.2 Scope

scope> and
rposes over
bne but only
ription, area

be 7.3.2.4 for

e describes the purpose or purposes for which a CRS, datum, datum ensemble, coordinare operation

or bd

A lVal aWalll 1. 1
Ul WCRoS IS dpplicd.

Requirement: The WKT representation of a <scope> shall be:

<scope> = <scope keyword> <left delimiter>

<scope text description> <right delimiter>

<scope keyword> u= SCOPE

<scope text description> u=  <quoted Latin text>

EXAMPLE SCOPE ["Large scale topographic mapping and cadastre."]
© IS0 2019 - All rights reserved
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7.3.2.3 Extent

7.3.2.3.1 General

Extent describes the spatial and/or temporal applicability of a CRS, datum, datum ensemble, coordinate
operation or bound CRS. Extent in this document uses the concepts described in ISO 19115-1. However,
this document permits horizontal extent to be described by description and/or by geographic bounding
box, but not by polygon because of string length considerations. It also allows for vertical and temporal
extent. These extent attributes are all optional, although at least one shall be included in any Usage.
Multiple extent attributes may be provided, but there is a constraint that within any one scope-extent
pairing these shall be of different types.

Requiremept: The WKT representation of an <extent> shall be:

<extent> = <area description> | <geographic bounding box> | <vertical extent> | <temporal extent>

| { <area description> <wkt separator> <geographic bounding box> }

| { <area description> <wkt separator> <vertical extent>}

| { <area description> <wkt separator> <temporal extent> }

| { <geographic bounding box> <wkt separator> <vertical extent> }

| { <geographic bounding box> <wkt separator> <temporal exteht>}

| { <vertical extent> <wkt separator> <temporal extent> }

| { <area description> <wkt separator> <geographic bounding box> <wkt separator>
<vertical extent> }

| { <area description> <wkt separator> <geographic’bounding box> <wkt separator>
<temporal extent> }

| { <area description> <wkt separator> <vertical extent> <wkt separator>
<temporal extent> }

| { <geographic bounding box> <wkt separator> <vertical extent> <wkt separator>
<temporal extent> }

| { <area description> <wKkt'separator> <geographic bounding box> <wkt separator>

<vertical extent>/<WwKt separator> < temporal extent> }

7.3.2.3.2 Area description

Area description is an optional attribute which describes a geographic area over which a CRS or
coordinate ¢peration is.applicable.

Requirement: The-WKT representation of an <area description> shall be:

<area descriptions> u=  <areadescription keyword> <left delimiter>

<area text description> <right delimiter>

<area description keyword> u= AREA
<area text description> u=  <quoted Latin text>
EXAMPLE AREA["Netherlands offshore."]

7.3.2.3.3 Geographic bounding box

The geographic bounding box is an optional attribute which describes a "north up" area. Upper right
latitude will be greater than the lower left latitude. Generally, the upper right longitude will be greater
than the lower left longitude. However, when the area crosses the 180° meridian, the value of the lower
left longitude will be greater than the value of the upper right longitude.

20 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=02cc0e8ba3e861d989125db486fa099c

IS0 19162:2019(E)

The geographic bounding box is an approximate description of location. For most purposes a coordinate
precision of two decimal places of a degree is sufficient. At this resolution the identification of the
geodetic CRS to which the bounding box coordinates are referenced is not required.

Requirement: The WKT representation of a <geographic bounding box> shall be:

<geographic bounding box> u=  <geographic bounding box keyword> <left delimiter>
<lower left latitude> <wkt separator>
<lower left longitude> <wkt separator>

<upper right latitude> <wkt separator>

<upper right longitude> <right delimiter>

<geographic bounding box keyword> u=  BBOX

<lower left latitude> = <number> I'l See text
<lowgr left longitude> = <number> I'l See text
<uppeer right latitude> = <number> I'l See text
<uppler right longitude> = <number> I'l See text

Requirement: bounding box latitude coordinates shall be given in decimal degrees in the tange -90 to
+90, longitude coordinates shall be given in decimal degrees in the sange —180 to +180 refative to the
international reference meridian.

EXAMPLE1 Geographic bounding box enveloping offshore Nethérlands:
BBOX[51.43,2.54,55.77,6.40]

EXANPLE 2  Geographic bounding box enveloping offshoré/New Zealand and crossing the 180° njeridian:
BBOX[-55.95,160.60,-25.88,-171.20]

7.3.2.3.4 Vertical extent

Vertical extent is an optional attribute which describes a height range over which a CRS of coordinate
operption is applicable. Depths havexnegative height values. Vertical extent is an 3gpproximate
description of location; heights are relative to an unspecified mean sea level.

Requirement: The WKT representation of a <vertical extent> shall be:

<vertfical extent> u= <vertical extent keyword> <left delimiter>
<vertical extent minimum height> <wkt separator>
<vertical extent maximum height>

[ <wkt separator> <length unit> | <right delimiter>

<vertical extent keyword> HE VERTICALEXTENT
<vertical extent minimum height> = <number>
<vertical extent maximum height> u= <number>

Requirement: If vertical extent units are not stated they shall be assumed to be metres.
EXAMPLE1 VERTICALEXTENT[-1000,0, LENGTHUNIT["metre",1.0]]

EXAMPLE 2  VERTICALEXTENT[-1000,0] (where the heights are implicitly in metres)

7.3.2.3.5 Temporal extent

Temporal extent is an optional attribute which describes a date or time range over which a CRS or
coordinate operation is applicable. The format for date and time values is defined in ISO/IEC 9075-2.
Start time is earlier than end time.
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Requirement: The WKT representation of a <temporal extent> shall be:

<temporal extent> u= <temporal extent keyword> <left delimiter>

<temporal extent start> <wkt separator>

<temporal extent end> <right delimiter>

<temporal extent keyword> u= TIMEEXTENT
<temporal extent start> u= <datetime> | <quoted Latin text>
<temporal extent end> u= <datetime> | <quoted Latin text>

EXAMPLE 1
EXAMPLE 2

7.3.2.4 EX

EXAMPLE 1

EXAMPLE 2

7.3.3

Identifier is
may be app
be utilised
circumstan

I'l <temporal extent end> should have the same dat
type (dateTime or quoted Tatin text) a temporal

a

coordin|

source
coordin|

source

Identifier

extent start>.

TIMEEXTENT [2013-01-01,2013-12-31]

TIMEEXTENT ["Jurassic", "Quaternary"]

famples of WKT describing usage

One scope-extent pairing (the <extent> including two extent attributes,
area description and temporal extent):

USAGE [SCOPE ["Spatial referencing."],

AREA["Netherlands offshore.”"], TIMEEXTENT[1976-Q1»2001-041]]

Two scope-extent pairings, the second of which has multiple extent attributes:
USAGE [SCOPE ["Small scale topographic mappsug."],
AREA["Finland - onshore and offshore "V,
USAGE [SCOPE ["Cadastre."],
AREA["Finland - onshore between 26$30'E and 27°30'E."],
BBOX[60.36,26.5,70.05,27.51]

an optional attribute which, references an external description of the object and v
ied to a coordinate reference system, a coordinate operation or a bound CRS. It may
for components of theSe;-0bjects although this is recommended only for the follo
es:

ate operation methods and parameters;

hnd target GRSS when embedded within a coordinate transformation or a concater
ate operation;

[RS when embedded within a point motion operation;

rhich
also
wing

1ated

individy

lal’é¢oordinate operations embedded within a concatenated coordinate operation;

base CRS when embedded within a derived CRS (including projected CRS);

source CRS, target CRS and abridged transformation when embedded within a bound CRS;

individual members of a datum ensemble.

Multiple identifiers may be given for any object.

When an identifier is given for a coordinate reference system, coordinate operation or bound CRS, it
applies to the whole object including all of its components.

Should any attributes or values given in the cited identifier be in conflict with attributes or values given
explicitly in the WKT description, the WKT values shall prevail.

22
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Requirement: The WKT representation of an <identifier> shall be:

<identifier> = <identifier keyword> <left delimiter> <authority name>
<wkt separator> <authority unique identifier>
[ <wkt separator> <version> ]
[ <wkt separator> <authority citation> |
[ <wkt separator> <id uri> ] <right delimiter>
<identifier keyword> u= ID
<authority name> u= <quoted Latin text>
<aut110r1ty unique identifier> o= <number> | <quoted Latin text>
<vergion> u= <number> | <quoted Latin text>
<authority citation> = <citation keyword> <left delimiter> <citation> <right delimitey>
<citafion keyword> u= CITATION
<citafion> u= <quoted Latin text>
<id ufi> u= <uri keyword> <left delimiter> <uri> <right delimiter>
<uri keyword> u= URI
<uri = <quoted Latin text>
Version is an optional attribute indicating the version of the repdsitory or object that is cifed. Citation
is an| optional attribute that may be used to give further détails of the authority. URI is|an optional
attribute that may be used to give reference to an online resource.
NOTH In previous specifications the authority object wasdefined more narrowly than is the idgntifier object
in this document. See Annex C.
EXANPLE 1 ID["Authority name","Abcd Ef", ¥1]
EXANPLE 2 ID["EPSG", 4326]
EXANPLE 3 ID["EPSG", 4326, URI ["urntdbgc:def:crs:EPSG::4326"]]
EXAMPLE4  ID["EuroGeographics","ES ED50 (BAL99) to ETRS89","2001-04-20"]
Further examples are included in*Clauses 8 to 17.
7.3.4 Remark
<renjark> is an optienal attribute. Any information contained in a <remark> is informative. It does not
modify the definihig'parameters of an object.
A <rémark>-may be applied to a coordinate reference system, coordinate operation or boynd CRS as a

whole. A <remark> should not be included in the WKT for components of a coordinate refer

or C(

ordinate operation, but a remark in the coordinate reference system or coordinat

ence system
e operation

obje(

tmay include information about these components.

NOTE

coordinate transformation as well as within the coordinate transformation itself.

A <remark> can be included within the descriptions of source and target CRS embedded within a

Any character other than a <wkt Latin text character> that is to be contained in a CRS WKT string may

be in

cluded only as part of <quoted Unicode text> within a <remark>.

Requirement: The WKT representation of a <remark> shall be:

<remark> u= <remark keyword> <left delimiter> <quoted Unicode text>

© ISO

<right delimiter>

2019 - All rights reserved
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<remark keyword>

EXAMPLE 1
EXAMPLE 2

EXAMPLE 3

GEOGCRS["S-95",
DATUM["Pulkovo 1995",
ELLIPSOID["Krassowsky 1940",6378245,298.3,
LENGTHUNIT ["metre",1.0]]

REMARK

REMARK["A remark in ASCII"]

REMARK [ "3amMeuaHre Ha PyCcCkoM sa3bike"]

Further exa

CS[ellipsoidal,?2],
AXIS["latitude",north, ORDER[1]],
AXIS["longitude",east,ORDER[2]],
ANGLEUNIT ["degree",0.0174532925199433],

REMARK ["Cucrema T'eomenuueckux KoopmmuBT Toma 1995 (CK-95)"]

ples including remarks are given in Clauses 8 to 19.

7.4 Unit and unit conversion factor

7.4.1 Uni

Some attrib
require the

E description

utes of coordinate system axes and coordinate operation parameters are numbers W
unit to be specified. General aspects are described here. For additional aspects that are

specific to ofdinal and temporal coordinate system axes see"25.6.

Requireme

<unit>
<spatial unit>

<angle unit>

<length unit>

<parametric y

<scale unit>

nt: The WKT representation of a <unit> desc¢¥iption shall be:

<spatial unit> | <time unit>

<angle unitx\}’<length unit> | <parametric unit> | <scale unit>

<angle unit keyword> <left delimiter> <unit name>
<wkt separator> <conversion factor>

[M=<wkt separator> <identifier> } ]... <right delimiter>
<length unit keyword> <left delimiter> <unit name>
<wkt separator> <conversion factor>

[ { <wkt separator> <identifier>} ]... <right delimiter
<parametric unit keyword> <left delimiter> <unit name>
<wkt separator> <conversion factor>

[ { <wkt separator> <identifier> } ]... <right delimiter>

<scale unit keyword> <left delimiter> <unit name>

rhich

<time unit>

<angle unit keyword>

24

<wkt separator> <conversion factor>

[ { <wkt separator> <identifier> } ]... <right delimiter>
<time unit keyword> <left delimiter> <unit name>
[<wkt separator> <conversion factor>]

[ { <wkt separator> <identifier> } |... <right delimiter>

!I'l' In this document when the <time unit> is applied to a
temporal coordinate system axis the <conversion factor>

is conditional: see 7.4.3.
ANGLEUNIT | UNIT

't In this document the preferred keyword is ANGLEUNIT.

UNIT is permitted for backward compatibility.
Implementations shall be able to read both forms.
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<length unit keyword> u= LENGTHUNIT | UNIT

't In this document the preferred keyword is LENGTHUNIT.
UNIT is permitted for backward compatibility.
Implementations shall be able to read both forms.

<parametric unit keyword> u= PARAMETRICUNIT
<scale unit keyword> u= SCALEUNIT | UNIT

't In this document the preferred keyword is SCALEUNIT.
UNIT is permitted for backward compatibility.
Implementations shall be able to read both forms.

<time unit keyword> = TIMEUNIT | TEMPORALQUANTITY

'l In this document the preferred keyword 1is~T|IMEUNIT.
TEMPORALQUANTITY is permitted. Implementations/lshall be
able to read both forms.

<unif name> = <quoted Latin text>
<conyersion factor> u= <unsigned numeric literal>

'l <conversion factor> is the number<of SI standard units
per unit. See 7.4.2 and 7.4.3.

NOTE <identifier>is described in 7.3.4.

7.4.1 Conversion factor — Spatial and parametric units

Requirements: If the unit is linear its conversion factor shall'be to metres and is the numbjer of metres
per Unit. If the unit is angular its conversion factor shall be\to radians and is the number off radians per
unit.|[For parametric units the appropriate SI standard unit shall be used. For scale, unity shall be used.

EXANPLE 1 LENGTHUNIT ["metre", 1]

EXANPLE 2 LENGTHUNIT ["German legal metre?;1.0000135965]
EXANPLE 3  ANGLEUNIT["degree",0.0174582925199433]
EXAMPLE 4  SCALEUNIT["parts perymidNlion",1E-06]

EXANPLE 5 PARAMETRICUNIT ["hectopascal", 100]

Further examples are included\in 7.5 and Clauses 8 to 17.

7.4.3 Conversion factor — Temporal quantities

Unit |uses the datdatype of UnitOfMeasure. This is defined in ISO 19103. The class inclpudes a note
"conyersion TolSOstandardUnit is not null only if the conversion is a simple scale". For mapy temporal
case$, the unitis not a simple scale: the size of a month, a day or an hour vary at different{locations in
the dalendar-due to correction factors and alterations such as leap seconds, leap years, and seasonal
time[zone changes. Conversion of a temporal quantity (time unit) to the SI base unit for time} the second,
ther¢fore may or may not be ambiguous when compared to a calendar definition of tHat quantity.
Examples are given in ISO 19111:201Y, D.Z. In these cases, UnitOIMeasure Instances of temporalCount
and temporalMeasure are described with no relation to the second.

NOTE In ISO 8601-1 the terms ‘calendar day’, ‘calendar month’ and ‘calendar year’ are used, with the note:
often referred to as ‘day’, ‘month’ and ‘year’ respectively.

POSIX time is commonly used in software. It is dimensioned in seconds, but leap seconds are ignored
(not applied)[©l. A unit of measure "second" may be used to represent this, but it shall be defined
independent of the SI second, not as a specific number of SI seconds. It may be thought of as a "calendar
second".
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Requirement: For temporal quantities, in this document called time units, the unit conversion
factor shall be to seconds and is the number of seconds per unit, but the conversion factor is not to be
given when it is not a simple scaling.

EXAMPLE 1

EXAMPLE 2

EXAMPLE 3

Simple scaling, so conversion factor is required.
TIMEUNIT["millisecond",0.001]

Scaling not simple (number of seconds in a month varies), so conversion factor not required.
TIMEUNIT ["calendar month"]

Using the POSIX formulal®] which ignores leap seconds, so conversion factor not required.
TIMEUNIT ["calendar second"]

NOTE
T]

is d
con

7.4.4 Def

Recommend
reasons, thi
specificatio}

EXAMPLE
for longitude
Cartesian co

Requireme
unit shall be

7.5 Coordinate system

7.5.1 Syn

Most coord
systems. Ex
conversion f

a) Whent

axis unit conversion factor in WKT is conditional , see 7.4.3.

b) When tl

convers

The syntax

T]Le example given in ISO 19162:2015:

MEUNIT ["day", 86400.0]

ain leap seconds) so conversion factor is not to be given.

hult unit

ed practice is for units to be explicitly described. However, for backward compati
5 document in places permits unit description to be implied/This may result in incom
L.

Angular units cannot be inferred from a coordinate system with linear units, as in the angl
of a prime meridian which cannot be inferred from a geodetic coordinate reference system hay
rdinate system.

nt: Where no implied unit can be inferred then in this document the default implied |
metre, the default implied angular unit shalbe degree.

fax

nate system attributes arecommon to all subtypes of spatial and temporal coord
Ceptions are associated(with the coordinate system axis unit attribute and its qualifie
actor to an SI base unit:

he coordinate system type is 'temporalCount' or 'temporalMeasure’, the inclusion g

ion factor'are not required in WKT, see 7.5.6 and 13.3.

for-all coordinate systems is described here.

bprecated. The number of seconds in a calendar day is not a simple scaling (because ‘'some dlays

hility

[plete

P unit
ring a

near

inate
I, the

f the

e coordinate system type is 'ordinal’ or 'temporalDateTime’, the axis unit attribute afd its

Requireme

<coordinate s

<spatial cs>

26

nt: The WKT representation of a coordinate system shall be:

ystem> <spatial cs>

| <temporalCountMeasure cs> | <ordinal-dateTime cs>
<cs keyword> <left delimiter> <spatial cs type>

<wkt separator> <dimension>

[ { <wkt separator> <identifier>} ]... <right delimiter>
{ <wkt separator> <spatial axis> }...

[ <wkt separator> <cs unit> |

'l Requires axis unit attributes including
conversion factor.
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<ordinal-dateTime cs>
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<cs keyword> <left delimiter>
<temporalCountMeasure cs type>

<wkt separator> <dimension>

[ { <wkt separator> <identifier> } |... <right delimiter>
<wkt separator> <temporalCountMeasure axis>

!'l Requires axis unit attributes, conversion factor
is conditional. See 7.5.2.

<cs keyword> <left delimiter> <ordinal-dateTime cs type>

<wkt separator> <dimension>

<cs keyword>

<spafial cs type>

<temporalCountMeasure cs type>

<ordjnal-dateTime cs type>

<dimlension>

<spafial axis>

<temporalCountMeasure axis&

[ { <wkt separator> <identifier> } ]... <right delimiterx
{ <wkt separator> <ordinal-dateTime axis> }...

I'l Axis unit is not required.

CS

affine | Cartesian | cylindrical | ellipsoidal+linear

| parametric | polar | spherical | vertical

I'l See 7.5.2 for constraiiits.
temporalCount | temporalMeasure

'l See 7.5.2 for_€ohstraints.

ordinal | temporalDateTime

'l See 7.5.2%f0r constraints.

11213

!'l Unsigned integer. See 7.5.2 for constralints.
<axiskeyword> <left delimiter> <axis nameAbbrev>
swkt separator> <axis direction>

[ <wkt separator> <axis order> |

[ <wkt separator> <spatial unit> |

[ { <wkt separator> <identifier>} ]... <right delimiter>

'l Axis unit and conversion factor mandatqry. See
7.5.6.2.

<axis keyword> <left delimiter> <axis nameAbbrev>
<wkt separator> <axis direction>

[ <wkt separator> <axis order> |

[ <wkt separator> <time unit> |

[ { <wkt separator> <identifier>} ]... <right delimiter>

'l Axis unit mandatory, conversion factor
conditional. See 7.5.6.4.

<ordimal-dateTime axiss

<axis keyword>

<axis nameAbbrev>

<axis name>

<axis abbreviation>

© IS0 2019 - All rights reserved

Taxis Reywords teftdetimiters <axis MameAbDbIevs
<wkt separator> <axis direction>

[ <wkt separator> <axis order> ]

[ { <wkt separator> <identifier> } ]... <right delimiter>

'l The attribute 'axis unit' is not required for an
ordinal coordinate system or for a temporal dateTime
coordinate system. See 7.5.6.3.

AXIS

<double quote> { <axis name> | <axis abbreviation>
| <axis name and abbrev> } <double quote>

<wkt Latin text character>...

<left paren> <simple Latin letter>... <right paren>
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<axis name and abbrev>

<axis direction>

<axis name> <space> <axis abbreviation>

I'l See 7.5.3 for requirements for axis name and
abbreviation.

north [ { <wkt separator> <meridian> } |

| northNorthEast | northEast

| eastNorthEast | east | eastSouthEast | southEast
| southSouthEast

| south [ { <wkt separator> <meridian>} |

| southSouthWest |southWest | westSouthWest | west

<meridian>

<meridian keyword>

<bearing>

<bearing keyyord>

<axis order>

<axis order k¢yword>
<cs unit>
<spatial unit>

<time unit>

An <ellipsold

| westNorthWest | northWest | northNorthWest

| geocentricX | geocentricY | geocentricZ

| up | down | forward | aft | port | starboard

| clockwise <wkt separator> <bearing>

| counterClockwise <wkt separator> <bearing>

| columnPositive | columnNegative

| rowPositive | rowNegative

| displayRight | displayLeft | displayUp*{ displayDown
| future | past | towards | awayFrem | unspecified

'l See 7.5.4 for constraints.

<meridian keyword> <left\délimiter> <number>
<wkt separator> <angle unit> <right delimiter>

'l See 7.5.4~for constraints.

MERIDIAN

<bearingkeyword> <left delimiter> <number>
<right-delimiter>

N )See 7.5.4 for constraints.

BEARING

<axis order keyword> <left delimiter> <unsigned integer>
<right delimiter>

'l See 7.5.5 for constraints.

ORDER

<unit> !'l See 7.4 and 7.5.6 for constraints.
See 7.4 and 7.5.6.

See 7.4 for time unit definition and 13.3 for application to coordina
systems.

construct of the <geograph1c2D crs> element ofa compound CRS (Clause 15)

<ellipsoidal 2D coordinate system>

<ellipsoidal 2D cs type>

<ellipsoidal 2D dimension>

28

<cs keyword> <left delimiter> <ellipsoidal 2D cs type>
<wkt separator> <ellipsoidal 2D dimension>

[ { <wkt separator> <identifier> } ]... <right delimiter>
{ <wkt separator> <spatial axis> }...

[ <wkt separator> <cs unit> |

ellipsoidal

2
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7.5.2 Coordinate system type, dimension and coordinate data type

For various types of CRS the type of coordinate system that may be used is constrained, as is the
permissible number of axes. Additionally, the data type for coordinates in an ordinal coordinate system
and in a temporal coordinate system is constrained. These constraints are summarised in Table 3.

Table 3 — Permitted coordinate system type, dimension and coordinate data type by CRS

. Dimension Coordinate
CRS type Permitted CS type(s) (number of axes) data type
geodetic Cartesian 3
. ] spherical 3
deriyed geodetic (ellipsoidal — read only: see 8.3) (20r3)
eographic
seograp ellipsoidal 2or3
deriyed geographic
projécted Cartesian 2or3
affine 2or3 (no corstraint)
Cartesian 2or3 (no constraint)
N . cylindrical 3 (no constraint)
deriyed projected ordinal 1 on2or 3 intpger
polar 2 (no conjstraint)
spherical 3 (no conjstraint)
vertical
vertical 1
deriyed vertical
affine 2or3 (no corstraint)
Cartesian 2or3 (no constraint)
engiheering cylindrical 3 (no coystraint)
. . . linear 1 (no constraint)
deriyed engineering ordinal lor2or3 intpger
polak 2 (no conjstraint)
spherical 3 (no corstraint)
parametric ]
parametric 1
deriyed parametric
temporalDateTime 1 datgTime
temporal
temporalCount 1 intpger
deriyed temporal
temporalMeasure 1 real
See 6.5 for comnfent on case sensitivity.
The tonstraiiits on the data type of coordinates in an ordinal or temporal coordinate sygtem applies
to the cootdinate data set. The data type is not explicitly described in the CRS definition. However, it is
implied. If a CRS's coordinate system is ordinal or is temporalCount, it is implied that the|coordinates
refer nrar] tothe CRS shall ]'\n 1nfngnr ”:a CRS's rnr\r(’hnafn cvch:\m 1S h:\mpnra”\/[nacnrn itis lmplled that

the coordinates referenced to the CRS shall be real; if a CRS's coordinate system is temporalDateTime, it
is implied that the coordinates referenced to the CRS shall be dateTime.

7.5.3 Axis name and abbreviation

[SO 19111 requires the name and abbreviation for each axis. In this document, name and/or abbreviation
is permitted. They are contained in a single quoted text string. If abbreviation is included in the text
string it is given in parentheses.

EXAMPLE1 "easting"
EXAMPLE2 "(X)"

EXAMPLE 3  "easting (X)"
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Requirement: The following constraints shall apply:
a) In WKT strings all axis abbreviations shall be from the <wkt Latin text character> set.

b) For geodetic CRSs having a geocentric Cartesian coordinate system, in WKT strings the axis name
should be omitted as it is given through the mandatory axis direction, see 7.5.4 c), but the axis
abbreviation, respectively ‘X’, 'Y' and ‘Z’, shall be given.

c) For geographic CRSs having a two-dimensional ellipsoidal coordinate system, the two-dimensional
ellipsoidal coordinate system axes are geodetic latitude and geodetic longitude. In WKT strings the
values of axis name shall be ‘latitude’ and ‘longitude’ respectively.

ISO 19111 specifies the lower-case Greek letters ¢ and A as symbols for geodetic latitudg and
geodeti¢ longitude. In this document the abbreviations to be used in WKT strings shall be from the
Latin character set. P and L are the transliterations of the Greek letters phi and lambda¢B for Breite
and L for Lange are the standard German abbreviations and used in academic texts wWorldwidg. ‘lat’
and ‘lon are in common usage.

d) For gedgraphic CRSs having a three-dimensional ellipsoidal coordinate systém, the nam¢g and
abbreviption of the horizontal axes in a WKT string shall follow the requirements in c). The vertical
axis narpe shall be 'ellipsoidal height'; the vertical axis abbreviation shallbe™h' and shall be included
when abbreviations for the horizontal axes are included.

e) For prgjected CRSs, the two-dimensional Cartesian coordinate/system axes names shall be
‘northing’ or 'southing' and 'easting' or ‘westing’ and shall be.given when the axis directiorn] and
order are not east first, north second. Axis name may be omitted from WKT strings when thq axis
directign and order are east first, north second with abbreviations 'E' and 'N' respectively.| Axis
abbreviption shall be given.

f) For prdjected CRSs having a three-dimensional.‘Cartesian coordinate system, the name| and
abbreviption of the horizontal axes in a WKT. string shall follow the requirements in e)| The
verticallaxis name shall be 'ellipsoidal height'; the vertical axis abbreviation shall be 'h' and shall be
included.

g) For vertical CRSs, the axis direction is™dp or down, see 7.5.4. In WKT strings the value of| axis
name shall be ‘gravity-related height* and ‘depth’ respectively. Axis abbreviation may be omlitted
but if gfven for height it shall not be ‘h’ (which is used for the ellipsoidal height component pf an
ellipsoidlal 3D coordinate system), see 7.5.3 d) above); the abbreviation for gravity-related height
should pormally be 'H'.

Recommendations:

— For engineering CRSs using a polar coordinate system where the lower-case Greek letter] 0 is
conventfionally used as the symbol for direction, the letter ‘U’ from the Latin character set should be
used as|a one-character abbreviation in WKT strings.

— For geoflétic and engineering CRSs using a spherical coordinate system where the Greek letters ¢
and 0 are conventionally used as the symbols for direction, the letters U and vV respectively from
the Latin character set should be used as a one-character abbreviations in WKT strings.

7.5.4 Axis direction

Axis direction indicates the positive increment along an axis. The handedness of a 2- or 3-dimensional
coordinate system may be derived from the directions.

Requirement: the following constraints shall apply:

a) For geographic CRSs having an ellipsoidal 2-D coordinate system, the two-dimensional ellipsoidal
coordinate system axes are geodetic latitude, positive northwards, and geodetic longitude, positive
eastwards. Axis direction shall be 'north' and 'east’ respectively.
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b)

d)

See 6.5 for comment on case sensitivity.

7.5.5

Axis

<axis
is significanti¥n this document it is defined in the BNF as an optional attribute to alloy
compatibility with OGC 01-009, however it is recommended that it should be explicitly inclu
WKT|

IS0 19162:2019(E)

For geographic CRSs having an ellipsoidal 3-D coordinate system, the three-dimensional ellipsoidal
coordinate system axes are geodetic latitude, positive northwards, geodetic longitude, positive
eastwards, and ellipsoidal height, positive upwards. Axis direction shall be 'north’, 'east' and 'up’
respectively.

For geodetic CRSs having a geocentric Cartesian coordinate system, in WKT strings the axis
directions shall be ‘geocentricX’, 'geocentricY' and ‘geocentricZ’ respectively. The first axis of
the earth-centred 3D Cartesian coordinate system lies in the equatorial plane such that a vector
pointing in the positive direction passes through the intersection of the equator and the prime
meridian. The second axis is in the equatorial plane such that a vector pointing in the positive
direction passes through the intersection of the equator and the meridian of 90°E. The third axis
i[S perpendicular to the $ystem; it is
pproximately parallel to the earth's rotation axis, positive towards the north pole!

or projected CRSs, except for coordinate systems centred on a pole, the horjizontal axis direction
hall be ‘north’ or ‘south’ and ‘east’ or ‘west’. For the 3D case the vertical axisdifection shall be "up".

or coordinate systems centred on a pole the direction for both axes willbe ‘south’ (fpr the north
ole case) or ‘north’ (for the south pole case); the axes direction shall be supplemented with a

meridian> description. This is the value of the meridian that the-axis follows from t
rime meridian from which the meridian value is reckoned is given through the <pri
bject; if no <prime meridian> object is in the WKT string«hen the IRM or Greenwi
hall be assumed.

or vertical CRSs, the axis direction shall be ‘up’ or ‘down’.
or temporal CRSs, the axis direction shall be ‘futuie’ or ‘past’.

n engineering CRSs the horizontal directions-are only approximate, the set of directior
hether the coordinate system is left-handed or right-handed. (In the 2D case, the h3
hen viewed from above the plane of the system). For engineering CRSs with polat
ystems the direction of the rotational axis shall be 'clockwise' or 'counterClockwise'. T
irection from which the rotation.is’measured shall be given through the suppleme
fbearing>; the bearing value shdll be given in the unit defined through <axis unit>.

Axis order

order> jdentifies the order in which the coordinates of a point in a dataset are given a

string.

he pole. The
e meridian>
h meridian

Is indicating
ndedness is

coordinate
he specified
ntary object

is repeated in a seqiience. The number of axes in the sequence is the same as the dimenpsions of the
coorflinate system;

hd therefore
v backward

ded in a CRS

Requirement: The following constraints shall apply:

a)

b)

d)

© IS0 2019 - All rights reserved

For coordinate systems with more than one axis, either every axis description shall include an
<axis order> or none of the axes descriptions shall include an <axis order>. If <order> is included a
sequence value shall not be repeated.

When <axis order> is present in the WKT string the sequence of <axis> descriptions shall startat 1
and increment in steps of 1.

If <axis order> is omitted from the WKT string the sequence of <axis> descriptions shall imply the
order of the axes and of coordinates referenced to the CRS.

For compound CRSs, the axes are described through each component CRS description and the order
values shall apply to each component system, not to the compound system. The order of the axes in
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the compound system shall be inferred from firstly the order of the component CRSs then secondly
the order of axes within each component CRS.

EXAMPLE

A compound CRS consists of a projected CRS with a vertical CRS, the component

CRSs

described in that order. The axes of the projected CRS are northing first, easting second. The only and
therefore first axis of the vertical CRS is gravity-related height. The axis order for the compound CRS is
northing first, easting second and gravity-related height third.

7.5.6 Axis unit and coordinate system unit

7.5.6.1 General

This docum
optional att
for that axis
coordinate S

For coordin
of unit namg

<axis unit>
described in

7.5.6.2 Aj
Requireme
a) A CRS
tempor
unit> af
b) <cs uni
be used]|
EXAMP]]
EXAMPI
7.5.6.3 Aj

The coordin
system is gi

bnt provides two methods for specifying the coordinate system axis units. <axis unit>
ribute which may be applied to each axis description and if applied shall describe the
. <cs unit> is an optional attribute which if applied shall specify the unit foreall.axes
ystem. <axis unit> and <cs unit> are subsets of <unit> which is described,in’74.

hte systems in which all axes have the same units, the use of <axis unit>"leads to duplic
and conversion factor. Duplication is avoided through the use of <cs unit>.

or <cs unit> may also specify the unit for implied map projection parameter valug
9.3.

(is unit for spatial and parametric coordinate systems

nt: The following constraints shall apply:

hlCount and temporalMeasure shall includegeither <spatial axis unit> for each axis o
plying to all axes.

> shall not be used if the unit does\hot apply to all axes. In these cases <axis unit>

E1  Apolar coordinate system requires one axis to be an angle and the other axis

to be a length: <spatialiaxis unit> shall be used.

E2  Athree-dimensionalellipsoidal coordinate system requires two axes (geodetic latitudg

<spatial axissunit> shall be used.

is unit for erdinal coordinate systems

ates in ordinal coordinate systems are integers. The WKT syntax for an ordinal coord
ven in=25.1; no axis unit shall be given.

Requireme

nt_For an ordinal coordinate system, neither <axis unit> nor <cs unit> shall be given.

WKT string for all types of coordinate system except ordinal, temporalDateT

and geodetic longitude) to be angles and the third axis (ellipsoidal height) to be a length:

is an
unit
f the

htion

S, as

ime,
Ir <cs

shall

nate

EXAMPLE

NOTE

CS[ordinal, 2],
AXIS["inline
AXIS["crossline

(I)",southeast, ORDER[1]]
(J)",northeast, ORDER[2]]

This requirement also applies to temporalDateTime coordinate systems, see 13.3.2.

Per 7.5.1 and 7.5.3, for an ordinal CS both axis name/abbreviation and axis direction shall be given but
axis order may be given or be implied.

7.5.6.4 Axis unit for temporal coordinate systems

Temporal coordinate systems have constraints on their treatment of <axisUnit> and its <conversion
factor> which differ from the requirements for other types of coordinate system. Unit for temporalCount
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and temporalMeasure coordinate system axis is described in 7.4.3. Requirements for temporalDateTime
coordinate system axis unit are described in 13.3.

7.5.7 Examples of WKT describing coordinate systems

7.5.7.1 Coordinate systems for geodetic CRSs

EXAMPLE 1

Earth centred earth fixed Cartesian CS. Axis order is implied, <cs unit> is used.
CS[Cartesian, 3],
AXIS[" (X)",geocentricX],

EXAMPLE 2

EXANIPLE 3

7.5.7.2 Coordinate systems for geographic CRSs

EXAMPLE 1
no alpbreviation.

Cs|

> ¥ D

EXAMPLE 2

no name.

CS[

)

7.5.7.3 Coordinate systems for projected CRSs

EXAMPLE 1

|l lipsoidal, 3],

KIS["latitude",north, ORDER[1 ], ANGLEUNIT ["degree", 0.0174532925199433]],
KIS["longitude",east, ORDER[2},ANGLEUNIT ["degree", 0.0174532925199433]],
KIS["ellipsoidal height (h)",up,ORDER[3], LENGTHUNIT["metre",1.0]]

| 1ipsoidal, 2],

KIS[" (lat) ", nokth],

KIS[" (lon)" ,&ast],

NGLEUNIT ["deGree",0.0174532925199433]

AXIS[" (Z)",geocentricZ
LENGTHUNIT ["metre", 1.0

I4

1
AXIS[" (Y)",geocentricY],

1

]

Topocentric Cartesian CS. Axis order is implied, <cs unit> is used.
CS[Cartesian, 371,
AXIS["(X)",east],AXIS["(Y)",north],AXIS[" (Z)",up],
LENGTHUNIT["metre",1.0]

Spherical CS. Axis order is explicit, <axis unit> is used, axes havename and abbrevigtion.
CS[spherical, 3],
AXIS["distance (r)",awayFrom,ORDER[1], LENGTHUNIT["kilometre",1000]17,
AXIS["longitude (U)",counterClockwise,BEARING[0],ORDER[2],
ANGLEUNIT ["degree",0.0174532925199433J/ ,
AXIS["elevation (V)",up,ORDER[3],
ANGLEUNIT ["degree",0.0174532925499433] ]

3D ellipsoidal CS. Axis order is explicit, <axis unit> is used, first two axes haye name but

2D ellipsoidal CS. Axis order is implied, <cs unit> is used, axes have abbrgviation but

CS[Cartesian, 2],

EXAMPLE 2

EXAMPLE 3

AXTS T eas T ORDER TS FENSTHER T T T et =" 1011
AXIS["(N)",north, ORDER[2], LENGTHUNIT ["metre",1.0]] (using<axis unit>)

CS[Cartesian, 2],
AXIS[" (E)",east],
AXIS["(N)",north],
LENGTHUNIT ["metre",1.0] (using <cs unit>)

CS[Cartesian, 2],
AXIS["northing (X)",north,ORDER[1]],
AXIS["easting (Y)",east,ORDER[2]],
LENGTHUNIT ["German legal metre",1.0000135965]
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For an azimuthal projection centred on the north pole:
CS[Cartesian, 2],
AXIS["easting (X)",south,
MERIDIAN[90,ANGLEUNIT ["degree",0.0174532925199433]],0RDER[1]
1,
AXIS["northing (Y)",south,
MERIDIAN[180,ANGLEUNIT["degree",0.0174532925199433]], O0RDER[2]
1,
LENGTHUNIT["metre",1.0]

For a projected 3D CRS (using <cs unit>)
CS[Cartesian, 3],

7.5.7.4 Cq

EXAMPLE 1

EXAMPLE 2

7.5.7.5 Cq

EXAMPLE 1

EXAMPLE 2

EXAMPLE 3

EXAMPLE 4

AXIS[" (E) ", east],

AXIS[" (N)",north],
AXIS["ellipsoid height (h)",up],
LENGTHUNIT ["metre",1.0]

ordinate systems for vertical CRSs

CS[vertical, 1],
AXIS["gravity-related height (H)",up],
LENGTHUNIT["metre",1.0] (using <cs unit>)

CS[vertical, 1],
AXIS["depth (D)",down,
LENGTHUNIT ["metre",1.0]] (using <axis unit

ordinate systems for engineering CRSs

CS[Cartesian, 2],
AXIS["site north (x)",southeast,ORBER[1]],
AXIS["site east (y)",southwest,®RDER[2]],
LENGTHUNIT ["metre",1.0]

CS[polar,2],
AXIS["distance (r)",awayFrom,ORDER[1], LENGTHUNIT["metre",1.0]],
AXIS["bearing (U)",cldoekwise, BEARING[234],0RDER[2],
ANGLEUNIT ["degreg™;0.0174532925199433]
]

CS[Cartesian, 37,
AXIS["ahead" (X)", forward, ORDER[1]],
AXIS["right*(y)",starboard, ORDER[2]],
AXIS["down  (z)",down,ORDER[3]],
LENGIZHUNIT ["metre",1.0]

CSkordinal, 2],
AXIS["Inline (I)",northEast,ORDER[1]],
AXIS["Crossline (J)",northwest,ORDERI[2]]

A4

7.6 Datum ensemble

Geodetic and vertical CRSs are associated with either a reference frame (datum) or a datum ensemble.
The members of a datum ensemble are given as a list of reference frames. The list may contain reference
frame name and/or identifier. All members of a datum ensemble are realizations of one shared

terrestrial or vertical reference system.

For an ensemble of geodetic reference frames (datums), the WKT string includes the description of the
ellipsoid used by the members. This information is available from any and all of the definitions of each
member. It is included in the ensemble WKT to facilitate direct access to the information. The WKT
string for a datum ensemble may also include the description of the prime meridian applying to all

members of the ensemble.
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For both geodetic and vertical datum ensembles, the ensemble description includes its 'accuracy’, an
indication of the difference in coordinate values of a point between different members of the datum
ensemble. It may be regarded as a measure of the inaccuracy introduced through the assumption that
ensemble members are approximately equivalent.

Use of the datum ensemble concept comes with a health warning. If data is associated with a CRS having
a datum ensemble, it will not be possible to identify which of the datum ensemble members the data
might more accurately be referenced to. In high accuracy applications, datum ensembles should not be
used; individual reference frames should be identified.

Requirement: The WKT representation of a datum ensemble shall be:

<dat

<geo

<vert

<dat
<dat
<dat

<dat
<dat
<dat

im ensemble>

Hetic datum ensemble>

ical datum ensemble>

im ensemble keyword>
lm ensemble name>

im ensemble member>

im ensembBle)member keyword>
im ensemble member name>

im-ensemble member identifier>

<geodetic datum ensemble>
| <vertical datum ensemble>
<datum ensemble keyword> <left delimitérp
<datum ensemble name>
{ <wkt separator> <datum ensemblesmember> }...
<wkt separator> <ellipsoid>
<wkt separator> <datum ensemble accuracy>
[ <wkt separator> <ddtum ensemble identifier> ]...
<right delimiter>,
{ <wkt separator> <prime meridian>}
<datum ensemble keyword> <left delimiter>
<datum.ensemble name>
{ <wkt separator> <datum ensemble member> }...
<wkt separator> <datum ensemble accuracy>
[ { <wkt separator> <datum ensemble identifier>} ..
<right delimiter>
ENSEMBLE
<quoted Latin text> 'l See 7.2
<datum ensemble member keyword> <left delimiter
<datum ensemble member name>
[ { <wkt separator>

<datum ensemble member identifier>} ]...

<right delimiter>

s

<dat

<datum ensemble accuracy keyword>

L1
mensemoreaccuracy

<accuracy>

<datum ensemble identifier>

<ellipsoid> is described in 8.2.1.

© ISO

2019 - All rights reserved

MEMBER

<quoted Latin text> !l See 7.2

<identifier> 'l See 7.3.4
dait 1.1l 1 | 1 s s
UdituIIir TrioTIinmouIiT actt ul ClL_y I\Cy vwuUlu ICTUUTIITITITTT

<accuracy> <right delimiter>

ENSEMBLEACCURACY
<number> !'l <accuracy> is in metres
<identifier> !'l See 7.3.4
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idian> is described in 8.2.2.

EXAMPLE1 Ensemble of geodetic reference frames with ensemble member name only
ENSEMBLE ["WGS 84 ensemble",
MEMBER ["WGS 84 (TRANSIT)"],
MEMBER ["WGS 84 (G730)"1,
MEMBER ["WGS 84 (G834)"],
MEMBER ["WGS 84 (G1150)"1,
MEMBER ["WGS 84 (G1674)"1,
MEMBER ["WGS 84 (G1762)"],
ELLIPSOID["WGS 84",6378137,298.2572236, LENGTHUNIT ["metre",1.0]1,
ENSEMBLEACCURACY [2]
]
EXAMPLE 2 | Ensemble of geodetic reference frames with ensemble member name and ID
ENSEMBLE ["WGS 84 ensemble",
MEMBER ["WGS 84 (TRANSIT)",ID["EPSG",1166]],
MEMBER ["WGS 84 (G730)",ID["EPSG",1152]1,
MEMBER ["WGS 84 (G834)",ID["EPSG",1153]1],
MEMBER ["WGS 84 (G1150)",ID["EPSG",1154]1,
MEMBER ["WGS 84 (G1674)",ID["EPSG",1155]],
MEMBER ["WGS 84 (G1762)",ID["EPSG",1156]1],
ELLIPSOID["WGS 84", 6378137,298.2572236, LENGTHUNIT,[ "mgtre",1.0]1,
ENSEMBLEACCURACY [2]
]
EXAMPLE 3 | Ensemble of vertical reference frames with ensemble member name only
ENSEMBLE ["EVRS ensemble",
MEMBER ["EVRF2000" ], MEMBER [ "EVRF2007"],
ENSEMBLEACCURACY[0.01]
]
7.7 Dynamic coordinate reference systems
Some types|of coordinate reference systemanay be dynamic. A CRS is dynamic if its reference f
is dynamic.|For a dynamic CRS the WKT for-the dynamic attributes as described below is embe

within the (

In a dynami

RS definition (Clauses 8 and 10).

C CRS the coordinate valugs of a point on or near the surface of the Earth change with

When a coordinate set is referenced to a dynamic CRS, to be unambiguous the coordinate set 1

to additiond

Clause 16.

Requireme
system shal

<dynamic crs

<dynamic crs

<frame reference epoch>

<frame reference epoch keyword>

<reference ep

36

lly be referenced.t0)a coordinate epoch. The WKT for coordinate epoch is describ

nt: The WK representation of the dynamic attributes of a dynamic coordinate refef
be:

<dynamic crs keyword> <left delimiter>

rame
dded

fime.
eeds
bd in

ence

<frame reference epoch>

[ <wkt separator> <deformation model ID> ]

<right delimiter>
DYNAMIC

<frame reference epoch keyword> <left delimiter>

keyword>

<reference epoch> <right delimiter>
I!
FRAMEEPOCH
och> <unsigned integer> [ <period> [ <unsigned integer>] |

I'l See 6.3.2.

Used when the CRS has a dynamic reference frame.
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<deformation model ID keyword> <left delimiter>
<deformation model name>

[ { <wkt separator> <identifier>} ]...

<right delimiter>

I'l Used when the CRS 1is associated with a
deformation model or velocity grid. A full
description may be given separately - see Clause 18.
A full description of the deformation model shall

<deformation model ID keyword>

not be embedded within the CRS WKT.
u= MODEL | VELOCITYGRID

<defgrmation model name>

'l In this document for brevity the preferi
is MODEL. VELOCITYGRID is permitted. Implen

should be prepared to read both formss

Note that MODEL when used for a défiormatidg

should not be confused with thep)reference
model for a geoid-based vertidal 'CRS, for
keyword is GEOIDMODEL: see Clause 10.

n= <quoted Latin text> 'l See 7.2.

EXANPLE1 CRS with dynamic reference frame.

DYNAMIC [FRAMEEPOCH[2010.0]]

EXANPLE 2  CRS with dynamic reference frame and deformation,model.

8 WHKT representation of geodetic and geographic coordinate reference

8.1 | Overview

Requirement: The WKT representation/of a geodetic or a geographic coordinate refert

shall|be:

<geofletic crs>
<geographic crs>

<statfic geodetic crs>

<statfic geographic crs>

DYNAMIC [FRAMEEPOCH[2010.0],MODEL["NADES (CSRS)v6 velocity grid"]]

<static geodetic crs> | <dynamic geodetic crs> | <geographic crs>
<static geographic crs> | <dynamic geographic crs>
<geodetic crs keyword> <left delimiter> <crs name>
<wKkt separator>
{ <geodetic reference frame> | <geodetic datum ensemble> }
<wkt separator> <coordinate system>
<scope extent identifier remark> <right delimiter>
<geographic crs keyword> <left delimiter> <crs name>

<wKkt separator>

ed keyword
entations

In model
to a geoid
which the

systems

ence system

<dynamic geodetic crs>

© IS0 2019 - All rights reserved
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<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
<geodetic crs keyword> <left delimiter> <crs name>
<wkt separator> <dynamic crs>

<wkt separator> <geodetic reference frame>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
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graphic crs>

<geodetic crs keyword>

<geographic crs keyword> <left delimiter> <crs name>
<wkt separator> <dynamic crs>

<wkt separator> <geodetic reference frame>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
GEODCRS | GEODETICCRS

'l The <geodetic crs keyword> should be used when the
CRS's coordinate system type is either Cartesian or

spherical: see 8.3 and 7.5.
rfhe preferred kevword 1s GEODCRS

In this document for brevity
GEQDETTCCRS 18 permitrted.

<geographic

<Crs name>

<dynamic c
and shall no|

<geodetic d
8.2 Geod

8.2.1 Ellij

The <ellips
of datum.

Requireme

<ellipsoid>

<ellipsoid key]

rs keyword>

psoid

word>

s> is described in 7.7. It is mandatory when the geodetic CRS, or{geographic CRS is dyn
t be given when the geodetic CRS or geographic CRS is statie;

itum ensemble> is described in 7.6, <scope extent identifier remark> is described in 7.|

etic reference frame (geodetic datum)

id> object is an attribute of <geodetic\veference frame>. It is not used with other t

nt: The WKT representation of an/oblate ellipsoid shall be:

Implementations should be prepared to read both formsg
GEOGCRS | GEOGRAPHICCRS

'l The <geographic crs keyword> should be used wheh th{
CRS's coordinate system type 1is ellipsoidal: s€eW8.3 and
7.5. In this document for brevity the preferred keyword
GEOGCRS. GEOGRAPHICCRS is permitted. Implementations sh
be prepared to read both forms.

<quoted Latin text> !'l See 7,2z

<ellipsoid‘keyword> <left delimiter> <ellipsoid name>
<wkt separator> <semi-major axis>

<wKkt separator> <inverse flattening>

[ <wkt separator> <length unit> ]

[ { <wkt separator> <identifier> } ]... <right delimiter>
ELLIPSOID | SPHEROID

'l In this document the preferred keyword is ELLIPSOID.

SPHEROID is permitted for backward compatibility.
Implementations should be prepared to read both forms.

is
uld

hmic,

o9

ypes

—y o 2

<ellipsoid nar

1T

<semi-major axis>

<inverse flattening>

P I AP "
JUULTU Latlll tTALT o CC

<unsigned numeric literal> !'l See below for constraint.

<unsigned numeric literal> !'l See below for constraint.

ISO 19111 allows an oblate ellipsoid to be defined through semi-major axis (a) and either semi-minor
axis (b) or inverse flattening (1/f). If semi-minor axis is used as the second defining parameter the
value for inverse flattening to be shown in the WKT string should be calculated from 1/f=a/(a - b).

[SO 19111 also allows for the earth model to be a sphere, for which 1/fis infinite. In this document if the
earth model is a sphere <inverse flattening> shall be given an artificial value of zero.

Requireme

nts:

a) The WKT representation of a sphere shall have an <inverse flattening> value of 0.
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b) <length unit> is an optional attribute, optional for reasons of backward compatibility, but it
is recommended that it is explicitly included in WKT strings. Its <conversion factor> shall be to
metres and is the number of metres per unit. <length unit> is described in 7.4. If it is omitted then
the value for the length of the semi-axis or -axes shall be given in metres. Conversely, if it is omitted
then the value for the semi-major axis shall be assumed to be in metres.

NOTE In the WKT for a geodetic, geographic or projected CRS, the length unit for the ellipsoid can differ
from the length unit for the coordinate system. The units in which coordinates are expressed are given by the CS
element.

Examples of WKT describing an ellipsoid:

EXANPLE 1 ELLIPSOID["GRS 1980",6378137,298.257222101, LENGTHUNIT ["metre", 1.0MAl

EXAMPLE 2  (unit = metre is implied)
SPHEROID["GRS 1980",6378137.0,298.257222101]

EXANPLE 3 ELLIPSOID["Clark 1866",20925832.164,294.97869821,
LENGTHUNIT["US survey foot",0.304800609601219]]

EXANPLE4 ELLIPSOID["Sphere",6371000,0, LENGTHUNIT["metre", 1.}

The dlefinition of WKT for a triaxial ellipsoid required for planetarymapping is given in Anpex E.

8.2.2 Prime meridian

The prime meridian is the meridian with a value of zérolongitude. The prime meridian is usually
defined to be the international reference meridian which for the Earth passes near Greenwich, but this
may ot always be the case. The <prime meridian> object is conditional.

Requirements:
a) [IPrime meridian shall not be given for anytype of datum and CRS other than geodetic refefrence frame.
OTE For projected CRSs the primi¢'meridian is inherited through the base geodetic CRS.

b) Prime meridian shall be given if'the CRS type is geodetic or geographic and the prime meridian is
ot the international referenice meridian. It may be given if the CRS type is geodetic of geographic
gnd the prime meridian(s the international reference meridian.

c) Conversely if the CRS-type is geodetic or geographic and prime meridian is not givep, the prime
meridian shall becassumed to be the international reference meridian.

d) If the prime fneridian’'s angle unit is omitted, the IRM longitude value shall be in the angular unit
:ﬁf the CRS\eontaining the prime meridian when the CRS has an ellipsoidal CS, else it shall be in
ecimaldegrees.

e) Theé WKT representation of a prime meridian shall be:

<prime meridian> u= <prime meridian keyword> <left delimiter>
<prime meridian name> <wkt separator> <irm longitude>
[ { <wkt separator> <identifier> } ]... <right delimiter>
<prime meridian keyword> u= PRIMEM | PRIMEMERIDIAN

I'l' In this document the preferred keyword is PRIMEM
for backward compatibility. PRIMEMERIDIAN is permitted.
Implementations should be prepared to read both forms.

<prime meridian name> u= <quoted Latin text> 'l See 7.2.
<irm longitude> = <signed numeric literal> [ <wkt separator> <angle unit> |

'l If <angle unit> is omitted, the <signed numeric
literal> value is to be in the CRS's CS angular unit if
available, else in decimal degrees.
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<irm longitude> is the longitude of the prime meridian measured from the international reference
meridian, positive eastward.

<angle unit> is an optional attribute, optional for reasons of backward compatibility, but best practice
is that it is included in WKT strings. If it is omitted then the value for <irm longitude> shall be given
in the CRS's <cs unit> where this is angular, else in decimal degrees. If the subtype of the geodetic
CRS to which the prime meridian is an attribute is geographic, the prime meridian's <irm longitude>
value shall be given in the same angular units as those for the horizontal axes of the geographic CRS;
if the geodetic CRS subtype is geocentric the prime meridian's <irm longitude> value shall be given in
degrees. Its <conversion factor> shall be to radians and is the number of radians per unit. <angle unit>

is described

in 7.4.

Examples of
EXAMPLE 1

EXAMPLE 2

EXAMPLE 3

8.2.3 Geddetic reference frame (datum)

In this docu
geodetic dat
CRS, in this

Geodetic reflerence frames are either static or dynamic. If the reference frame is dynamic all CRSs j

on it are dy
geographic
epoch attrib,
described i

Requireme

<geodetic refd

WKT describing a prime meridian:
PRIMEM["Paris",2.5969213, ANGLEUNIT ["grad",0.015707963267949]]

PRIMEM["Ferro",-17.6666667]
(unit unspecified so it takes <cs unit> if angular, else decimal degrees)

PRIMEM["Greenwich", 0.0, ANGLEUNIT["degree",0.0174532925199433]]

NOTE When the prime meridian name is "Greenwich" or the longitude of the internation
reference meridian in the geodetic CRS is zero, the inclusion of the prime meridian object in 4
WKT string is optional, so this example string should not normally be present. It is included
here for backward compatibility reasons as the prime meridian‘object was mandatory in
earlier CRS WKT specifications.

ment a geodetic reference frame is either a modern terrestrial reference frame or a clag
um. For backward compatibility and to assist modular programming of different typ
document 'datum’ is retained in the WKT)

namic CRSs. The frame reference epoch attribute is then required. However, a geodet
CRS may also be associated with a deformation model. In this document the frame refe
ute of a dynamic reference-frame is treated with the deformation model at the CRS ley
7.7 and 8.1.

nt: The WKT representation of a geodetic reference frame (geodetic datum) shall be:

rence frame> <geodetic reference frame keyword>
<left delimiter> <datum name> <wkt separator> <ellipsoid>
[ <wkt separator> <datum anchor> |

[ { <wkt separator> <identifier> } ]... <right delimiter>

sical
es of

ased
ic or
rence
rel as

[ { <wkt separator> <prime meridian> } |

<geodetic reference frame keyword>

<datum name>

<datum anchor>

<datum anchor keyword>

40

DATUM | TRF | GEODETICDATUM

!I'l' In this document for compatibility with

previous versions of WKT the preferred keyword
is DATUM, TRF is also permitted (see B.2.2 for

additional comment). For consistency with the
other datum types described in Clauses 10 to
13 either GEODETICDATUM or TRF is permitted.

Implementations should be prepared to read all

three forms.
<quoted Latin text> 'l See 7.2.
<datum anchor keyword> <left delimiter>

<datum anchor description> <right delimiter>

ANCHOR

© ISO 2019 - All rights reserved
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<quoted Latin text>

<geodetic reference frame> is used when the CRS type is geodetic or geographic. For a projected CRS,
the geodetic reference frame (datum) is included in the Base Geodetic CRS, see Clause 9.

<ellipsoid> is described in 8.2.1.

<prime meridian> is a conditional attribute; see 8.2.2. Following the data model of ISO 19111 it would
be nested within the geodetic reference frame object. In this document its nesting follows previous

versions of CRS WKT.
EXAMPLE1 DATUM["North American Datum 1983",
ELLIPSOID["GRS 1980",6378137,298.257222101, LENGTHUNIT [{"m
]
EXANPLE 2 TRF["World Geodetic System 1984",
ELLIPSOID["WGS 84",6378388.0,298.257223563, LENGPHUNIT["m
1,
PRIMEM["Greenwich",0.0]
NOTH When the prime meridian name is "Greenwich" or the longitude ofthe IRM meridian in
CRS is zero, the inclusion of the prime meridian object in a WKT string is<optional, so this examy

omit

the prime meridian object, as shown in Example 1.

EXAMPLE3  GEODETICDATUM["Tananarive 1925",
ELLIPSOID["International 1924",6378388.07297.0, LENGTHUNIT ["metre"
Z]%I,\ICHOR ["Tananarive observatory:21.8191667gS, 50.23849537gE (of Pa
]PE’RIMEM["Paris", 2.5969213, ANGLEUNIT ["grad", 0.015707963267949] ]
8.3 | Coordinate systems for geodetic and geographic CRSs
<coofdinate system> is described in .7(555Several constraints and recommendations fot

systd

The

CRS,

prep
Impl

ellip

3 geodetic CRS to contain either a 3D Cartesian or a 3D spherical coordinate system, an

q

q

| geographic CRS to contain an ellipsoidal coordinate system, either 2D or 3D.

previous version afthis document did not distinguish between geodetic CRS and|
and a geodeticCERS could have an ellipsoidal coordinate system. Implementation|
hred to read-a WKT string for a geodetic CRS which includes an ellipsoidal coordiry
bmentations in conformance with this document should not write geodetic CRSs cd
oidal coordinate system.

btre",1.071]

btre",1.071]

the geodetic
le string can

1.

"iS) n]

coordinate

ms used in geodetic and geographic CRSs are described there. These include the requirement for

d

geographic
s should be
ate system.
ntaining an
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8.4 Examples of WKT describing a geodetic or geographic CRS
EXAMPLE1  Static geodetic CRS with Cartesian coordinate system and including scope, extent, ID and remarks:

GEODCRS ["JGD2000™,
DATUM["Japanese Geodetic Datum 2000",
ELLIPSOID["GRS 1980",6378137,298.257222101]
] 14
CS[Cartesian, 3],
AXIS[" (X)",geocentricX],
AXIS[" (Y)",geocentricY],
AXIS[" (Z)",geocentricZ]
LENGTHUNIT ["metre",1.0],
USAGE [SCOPE ["Geodesy, topographic mapping and cadastre"],
AREA["Japan"],
BBOX[17.09,122.38,46.05,157.64]7,
TIMEEXTENT [2002-04-01,2011-10-2111,
ID["EPSG",4946,URI["urn:ogc:def:crs:EPSG::4946"]],
REMARK [ "{F:JGD2000 VA "N v 713 BEIcp201 1LITARDV LT )
]

14

Non-Latin characters may only be included within remarks (see 7.3.4).
EXAMPLE 2 | Dynamic geographic CRS with ellipsoidal 3D coordinate-system, no optional attrifputes:

GEOGCRS ["WGS 84 (Gl1762)",
DYNAMIC [FRAMEEPOCH[2005.0]1,
TREF["World Geodetic System 1984 (Gl762)",
ELLIPSOID["WGS 84",6378137,298.257223563, LENGTHUNIT ["metre",1.0]
]
] 14
CS[ellipsoidal, 3],
AXIS[" (lat)",north, ANGLEUNITY"degree",0.0174532925199433]11],
AXIS[" (lon)",east, ANGLEUNIT["degree",0.0174532925199433]7],
AXIS["ellipsoidal heighti\#) ", up, LENGTHUNIT ["metre",1.0]]
]

EXAMPLE 3 | Staticgeographic CRS with [lRMas prime meridian and ellipsoidal 2D coordinate systemin degrees:

GEOGRAPHICCRS ["NAD8SY,
DATUM["North American Datum 1983",
ELLIPSOID[WGRS 1980",6378137,298.257222101, LENGTHUNIT ["metre",1.0]]
] r
CS[ellipsoddal,?2],
AXISfE™Natitude”, northl],
AXIS["longitude",east],
ANGLEUNIT ["degree",0.017453292519943],
ID["EPSG", 42697,
REMARK["1986 realisation"]
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in grads:

GEOGCRS ["NTF (Paris)",

DATUM["Nouvelle Triangulation Francaise",
ELLIPSOID["Clarke 1880 (IGN)",6378249.2,293.4660213]

] 14

PRIMEM["Paris",2.5969213],

CS[ellipsoidal, 2],
AXIS["latitude",north,ORDER[1]],
AXIS["longitude",east,ORDER[2]],
ANGLEUNIT ["grad",0.015707963267949],

Static geographic CRS with prime meridian other than IRM and ellipsoidal 2D coordinate system

Non-

9

9.1

A projected CRS is a special case of a derived CRS. Because of its importance to geographic

and
treat
pring

Requirement: The WKT representation of a projectéd coordinate reference system shall b

REMARK["Nouvelle Triangulation Francaise"]
]

[Latin1 characters may only be included within remarks (see 7.3.4).

WKT representation of projected CRSs

Overview

particularly for backward compatibility reasons necessitating a different string stj
ed separately from the general case described in Clause 14. The structures of WK’
ipal and derived CRSs are compared in 14.1, to which.the reader is referred.

information
ructure it is
' strings for

D

eyword is
bns should

<projected crs> = <projected crs keyword> <left delimiter> <crs name>
<wkt separator> <base geodetic crs>
<wkt séparator> <map projection>
<wkt'separator> <coordinate system>
<scope extent identifier remark> <right delimiter>
<projected crs keyword> = PROJCRS | PROJECTEDCRS
't In this document for brevity the preferred A
PROJCRS. PROJECTEDCRS is permitted. Implementati
be prepared to read both forms.
<crs hame> u= <quoted Latin text> I'l See 7.2.
9.2 | Base CRS
9.2.1 General
hoca C ranroinctad CDC pou o aithor o goaedatie ODC o Coore pen ) o Goaas
The base-cH £ S £ £ ore-usually)-a-geoss

geog

o C
T pProjecrea oo hdy ettt gtoatttoro 0ot

(N
raphic 2D CRS may act as the base CRS for only another 2D CRS.

phic CRS. A

Requirement: The dimension of a derived CRS shall be equal to or less than the dimension of its base CRS.

Requirement: The WKT representation of a projected coordinate reference system’s base CRS shall be:

<base geodetic crs> u= <base static geodetic crs> | <base dynamic geodetic crs>

© ISO

<base static geographic crs> | <base dynamic geographic crs>

!'l' The projected CRS takes its static/dynamic
from its base CRS.

2019 - All rights reserved
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<base static geodetic crs> = <base geodetic crs keyword> <left delimiter> <base crs name>

<base dynami

<wkt separator>
{ <geodetic reference frame> | <geodetic datum ensemble> }
[ <wkt separator> <ellipsoidal cs unit> ]
[ { <wkt separator> <identifier> } ]... <right delimiter>
c geodetic crs> u= <base geodetic crs keyword> <left delimiter> <base crs name>
<wkt separator> <dynamic crs>

<wkt separator> <geodetic reference frame>

<base static g|

<base dynam

<base geodeti

<base geograj

<base crs nan

<ellipsoidal c{

<dynamic cj
when the bg

<geodetic rg
<geodetic d

NOTE Cq
crs>and <ba

[ <kt senarator ellinsgidal csunit>1
L r r g

[ { <wkt separator> <identifier> } ]... <right delimiter>
ographic crs> u= <base geographic crs keyword> <left delimiter>

<base crs name> <wkt separator>

{ <geodetic reference frame> | <geodetic datum ensemble> }

[ { <wkt separator> <ellipsoidal cs unit> } |

[ { <wkt separator> <identifier> } ]... <right delimiter>
c geographic crs> n= <base geographic crs keyword> <left delimiter>

<base crs name> <wkt separator> <dynamic crs>

<wkt separator> <geodetic reference frame>

[ { <wkt separator> <ellipsoidal«¢stunit> } |

[ { <wkt separator> <identifier> } ]... <right delimiter>
c crs keyword> n= BASEGEODCRS
hic crs keyword> n= BASEGEOGCRS

'l In this doeument the base CRS keyword should refl
the type @fJCRS (geodetic or geographic) upon which
the projécted CRS is referenced. Usually this will
BASEGEQGCRS. The previous version of this document
only{ BASEGEODCRS. Implementations should be prepare
read both forms.

e> n= zquoted Latin text> 'l See 7.2.

unit> ng <angle unit>

s> is described in ZZ:t is mandatory when the base CRS is dynamic and should not be
se CRS is static. Fheprojected CRS has the same static/dynamic status as its base CRS

ference frame>"is described in 8.2. It includes ellipsoid and prime meridian descripf
hitum ensemble> is described in 7.6.

nstruets similar to <base static geodetic crs>, <base dynamic geodetic crs>, <base static geogj
be dynamic geographic crs> but excluding the <ellipsoidal cs unit> element are also used for dg

be
Lsed
H to

riven

ions.

phic
rived

geodetic and

defived geographic CRSs, see 14.3.

9.2.2 Ellipsoidal CS unit

The base geographic CRS <ellipsoidal cs unit> is that in which geodetic latitude and longitude would be
quoted in the geographic CRS. It is defined as an optional attribute for backward compatibility reasons

(see 9.3).

<angle unit> is described in 7.4.

Requirement: The <ellipsoidal cs unit> of the base geographic CRS shall be included in projected CRS
WKT strings when the units of the map projection angular parameters are not explicitly given within
those parameters.

44
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Recommendation: The units of the map projection angular parameters should be explicitly included
in the projected CRS WKT string and when this is done the <ellipsoidal cs unit> of the base geographic

CRS should not be included in the string.

9.3

Map projection

9.3.1 Introduction

Map projection is a deriving conversion (see 14.2). By definition the source CRS is the base geodetic or
geographic CRS and the target CRS is projected CRS; these are therefore implied rather than explicitly

state

din thC \'A'IKT Stripe Additiona

1iz
Y5

for raacaonc of haclryaard
HOF1Ea56h/5-6DaccwWate

comnpatibility 1 oo o
compatBhtyHaPp-Ppre

jections the

para

Requirement: The WKT representation of a map projection shall be:

<may

<ma
<may

<may

CrTTT S 1 roaoreroTie

projection>

projection keyword>
projection name>

projection method>

neter units may be implied; map projection is therefore a specialised subset of deriyirg

<map projection keyword> <left delimiter>

<map projection name>

<wkt separator> <map projectiopmethod>

[ { <wkt separator> <map projection parameter>} ]...
[ { <wkt separator> <identifier> } |... <right delimiter>
CONVERSION

<quoted Latin text> 'l See 7.2.
<map projectiomuriethod keyword> <left delimiter>
<map projéction method name>

[ { <wkfiseparator> <identifier> } ]... <right delimiter>

conversion.

<majp projection method keyword> = METHOD | PROJECTION
) In this document the preferred keyword| is
METHOD. PROJECTION is permitted for backwhrd
compatibility. Implementations should be prepared
to read both forms.

<majp projection method name> = <quoted Latin text> 'l See 7.2.

<map projection parameter> = <parameter keyword> <left delimiter>
<parameter name> <wkt separator> <parameter value>
[ <wkt separator> <map projection parameter unit> |
[ { <wkt separator> <identifier> } |... <right delimiter>

<parameter keyword> = PARAMETER

<parfjmeter name> = <quoted Latin text> I'l See 7.2.

<parpmeter valué> = <signed numeric literal>
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<map projection parameter unit> HE <length unit> | <angle unit> | <scale unit>

'l See 9.3.4 for constraints.

EXAMPLE 1 Identifier given for the method and each parameter.

CONVERSION["UTM zone 10N",
METHOD ["Transverse Mercator",ID["EPSG",9807]1],
PARAMETER["Latitude of natural origin", O,
ANGLEUNIT ["degree",0.0174532925199433],
ID["EPSG",8801]11,
PARAMETER["Longitude of natural origin",-123,

NOT TN Tm [ LI W W 452202001 004221 alinWillEnksYalall BNeNeNato Xl
cafS s fAr--mmmns o T =+ T R A= = 7 T

Cr
PARAMETER["Scale factor at natural origin",0.9996,
SCALEUNIT["unity",1.0],ID["EPSG",8805]],
PARAMETER(["False easting", 500000,
LENGTHUNIT ["metre",1.0],ID["EPSG",8806]],
PARAMETER["False northing", 0, LENGTHUNIT["metre",1.0],ID["EPSGM,8807]]
1

7

EXAMPLE 2 | Identifier given for conversion as a whole.

CONVERSION["UTM zone 10N",
METHOD["Transverse Mercator"],
PARAMETER["Latitude of natural origin", O,
ANGLEUNIT ["degree",0.0174532925199433]1],
PARAMETER["Longitude of natural origin",-123}
ANGLEUNIT["degree",0.0174532925199433]],
PARAMETER["Scale factor at natural origin®,0.9996,
SCALEUNIT ["unity",1.011,
PARAMETER["False easting",500000, LENGTHUNIT ["metre",1.0]11,
PARAMETER["False northing", 0, LENGTHUNIT["metre",1.0]],
ID["EPSG",16010]
1

Further examples are included in 9.5.

9.3.2 Mayp projection name and identifier

Map projecfion (zone) encompasses-the collection of method and parameter values. Its name js for
human readability. Depending upon the naming convention in use it may also be included as part df the
projected CRS name.

<identifier>|is described’in-7.3.4. It is an optional attribute. If an identifier is provided as an attrjbute
within the 4map projection conversion> object, because it is expected to describe a complete colleftion
of zone name, methed,/parameters and parameter values, it shall override any identifiers given wjithin
the map projectien-method and map projection parameter objects.

9 3 3 M muniEoloactian ot o d
D
a Pl U,\f\«tl\lll IIICLIIUU

Method name is for human readability. For interoperability it is the method formula that is critical
in determining the equivalence of methods; this may be given through a map projection method
<identifier>.

<identifier> is described in 7.3.4. It is an optional attribute. However, if an identifier is included as an
attribute within the <map projection> object (9.3.1), it will take precedence over any identifier within
the map projection method object.

If a map projection method <identifier> is not given, the WKT description is potentially ambiguous,
relying on interpretation of method name. It is recommended that a map projection identifier or a map
projection method identifier is included in WKT strings. Identifiers for commonly encountered map
projection methods are given in F.2.
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9.3.4 Map projection parameter

Parameter name is for human readability. For interoperability it is the method formula and its
parameters that are critical in determining the equivalence of methods. See Annex F. Identifiers for
commonly encountered map projection methods are given in F.2; their parameters are listed in E.3.

The map projection parameters required are specific to the map projection method and will be listed

sequ

entially. The order within the sequence is not significant but should be logical.

<map projection parameter unit> is an optional attribute, for reasons of backward compatibility. Best
practice is that it is included explicitly in WKT strings.

Requirements: If <map projection parameter unit> is omitted from <map projection pararpeter> then:

a) Map parameter values that are lengths shall be given in metres.
b) Map projection parameter values that are angles shall be given in decimal degrees.

c) Map projection parameters that are unitless (for example scale factor)’shall be given
which is close to or is unity (1.0).

NOTH The original parameter values can be in units other than metres, degrees and unity. Fo

best

The parameter unit type is included in E.3.

<identifier> is described in 7.3.4. It is an optional attribute. If an identifier is included as

with
prec

9.4

<CO00|

systgms used in projected CRSs are deseribed there. These include the requirement for a pr

to co

9.5

EXANMPLE1 PROJCRS["ETRS89 Lambert Azimuthal Equal Area CRS",

© ISO

ractice is that units are not omitted.

n the map projection conversion object (9.3.1) or map projection method object (9.3.3)
bdence over any identifier within the map projeetion parameter object.

Coordinate systems for projected CRSs

rdinate system> is described in 7.5 Several constraints and recommendations for

ntain a Cartesian coordinate system.

Examples of WKT describing a projected CRS

BASEGEQGERS ["ETRS89",
DATUMF"ETRS89",
BLLIPSOID["GRS 80",6378137,298.257222101, LENGTHUNIT ["metre", 1.0
IAID["EuroGeographics", "ETRS89-LatLon"]
] r
CONVERSION["LAEA",
METHOD ["Lambert Azimuthal Equal Area",ID["EPSG",9820]],
PARAMETER["Latitude of origin",52.0,

hs a number

I this reason,

an attribute
it will take

coordinate
ojected CRS

ANGLEINTIT["degree® (0 (0174532025100433711

PARAMETER["Longitude of origin",10.0,
ANGLEUNIT ["degree",0.0174532925199433]11,

PARAMETER["False easting",4321000.0, LENGTHUNIT ["metre",1.0]11,
PARAMETER["False northing",3210000.0, LENGTHUNIT ["metre",1.0]]
] 4
CS[Cartesian, 2],

AXIS["(Y)",north,ORDER[1]],

AXIS[" (X)",east,ORDER[2]],

LENGTHUNIT ["metre",1.0],

USAGE [SCOPE ["Description of a purpose"],AREA["An area description"]],

ID["EuroGeographics", "ETRS-LAEA" ]
]

2019 - All rights reserved

47


https://standardsiso.com/api/?name=02cc0e8ba3e861d989125db486fa099c

IS0 19162:2019(E)

EXAMPLE 2  PROJCRS["NAD27 / Texas South Central",
BASEGEOGCRS ["NAD27",
DATUM["North American Datum 1927",
ELLIPSOID["Clarke 1866",20925832.164,294.97869821,
LENGTHUNIT ["US survey foot",0.3048006096012197]]
1
]I
CONVERSION["Texas South Central SPCS27",
METHOD ["Lambert Conic Conformal (2SP)",ID["EPSG",9802]],
PARAMETER["Latitude of false origin",27.83333333333333,
ANGLEUNIT ["degree",0.0174532925199433],ID["EPSG",8821]],
PARAMETER["Longitude of false origin",-99.0,
ANGLEUNIT ["degree",0.0174532925199433],ID["EPSG",8822]],
PARAMETER["Latitude of 1lst standard parallel",28.383333333333,
ANGLEUNIT ["degree",0.0174532925199433],ID["EPSG", 882311,
PARAMETER["Latitude of 2nd standard parallel",30.283333333333,
ANGLEUNIT ["degree",0.0174532925199433],ID["EPSG",8824]],
PARAMETER["Easting at false origin",2000000.0,
LENGTHUNIT ["US survey foot",0.304800609601219],ID["EPSGY,8826]],
PARAMETER["Northing at false origin",0.0,
LENGTHUNIT["US survey foot",0.304800609601219], ID{“EPSG",8827]]

] 4
CS[Cartesian, 2],
AXIS[" (X)",east],
AXIS[" (Y)",north],
LENGTHUNIT ["US survey foot",0.304800609601:219],
REMARK ["Fundamental point: Meade's Ranch K&y,)latitude 39°13'26.686""N,
longitude 98°32'30.506""W."]
1

EXAMPLE 3 | This example is included for backwards .comipatibility to show the implicit descriptipn of
parameter ugits. It is recommended that units are explicitlyagiven in the string, as in the previous two examples.

PROJ(RS ["NAD83 UTM 10",

BA$EGEOGCRS ["NAD83 (86) ",
PATUM["North American Datum 3983",
ELLIPSOID["GRS 1980",63%8137,298.2572221011]1, (defaultlength unitis metre)
PRIMEM["Greenwich",0], (implied angle unit is degree)
CONVERSION["UTM zone 10",
METHOD["Transverse Mer€ator"],

ARAMETER["Latitude.df natural origin",0.0], (implied angle unit is degree)
PARAMETER["Longitude of natural origin",-123.0], (impliedangle unitis degree)
PARAMETER ["Scade/ factor",0.9996], (implied scale unit is unity)
PARAMETER ["FAlde easting",500000.07, (implied length unit is degree)
PARAMETER [WFalse northing",0.0], (implied length unit is degree)

D["EPSGY 16010117,
CS[Cartesdan, 2],
AXIS["(E)",east,ORDER[1]],
AXFS[" (N)",north,ORDER[2]],

ENGTHUNIT["metre™, 1.07,
REMARK["In this example parameter value units are not given. This is
allowed for backward compatibility. However it is strongly recommended
that units are explicitly given in the string, as in the previous two
examples."]]
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3D Projected CRS

PROJCRS ["WGS 84 (G1762) / UTM zone 31N 3D",

BASEGEOGCRS ["WGS 84",
DATUM["World Geodetic System of 1984 (G1762)",

ELLIPSOID["WGS 84",6378137, 298.257223563, LENGTHUNIT ["metre",1.0]]

]
] r
CONVERSION["UTM zone 31N 3D",
METHOD["Transverse Mercator (3D)"],
PARAMETER["Latitude of origin", 0.0,
ANGLEUNIT ["degree",0.0174532925199433]1],

PARAMETER["Longitude of origin", 3.0,
ANGLEUNIT ["degree",0.0174532925199433]1,

PARAMETER(["Scale factor",0.9996,SCALEUNIT["unity",1.011,
PARAMETER["False easting",500000.0, LENGTHUNIT ["metre", 101V,
PARAMETER["False northing", 0.0, LENGTHUNIT ["metre",1.0](]

] r

CS[Cartesian, 3],

AXIS[" (E)",east,ORDER[1]],

10 WKT representation of vertical CRSs

10.1] Overview

Requirement: The WKT representation of a vettical coordinate reference system shall be:

<vertical crs>

<statlic vertical crs>

<dynjmic vertical crs>

AXIS[" (N)",north,ORDER[2]],
AXIS["ellipsoidal height (h)",up,ORDER[3]],
LENGTHUNIT ["metre",1.0]

<statieyertical crs> | <dynamic vertical crs>

<yertical crs keyword> <left delimiter> <crs name>

<wkt separator>

{ <vertical reference frame> | <vertical datum ensemble> }
<wkt separator> <coordinate system>

[ <wkt separator> <geoid model ID |>

<scope extent identifier remark> <right delimiter>
<vertical crs keyword> <left delimiter> <crs name>

<wkt separator> <dynamic crs>

<wkt separator> <vertical reference frame>

<wkt separator> <coordinate system>

[ <wkt separator> <geoid model ID> ]

<geoid model ID>

<geoid model ID keyword>

<geoid model name>

© IS0 2019 - All rights reserved

<scope extent identifier remark> <right delimiter>
<geoid model keyword> <left delimiter>

<geoid model name> [<wkt separator> <identifier> |
<right delimiter>

'l This information identifies the geoid model for a
geoid-based vertical CRS. A full description may be given
separately- see Clausel?7. A full description of the geoid
model shall not be embedded within the vertical CRS WKT.

GEOIDMODEL

<quoted Latin text> I'l See 7.2.
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<vertical crs keyword> = VERTCRS | VERTICALCRS

!I'l' In this document for brevity the preferred keyword is
VERTCRS. VERTICALCRS is permitted. Implementations should
be prepared to read both forms.

<crs name> HE <quoted Latin text> 'l See 7.2.

<dynamic crs> is described in Z.7. It is mandatory when the vertical CRS is dynamic, and shall not be
given when the vertical CRS is static.

<vertical datum ensemble> is described in 7.6, <scope extent identifier remark> is described in 7.3.

10.2 Vertical reference frame (vertical datum)

Modern geddetic terminology is to use the term vertical reference frame. Previous versipns of this
document used vertical datum. For backward compatibility and to assist modular programmipg of
different types of CRS, in this document 'datum’ is retained in the WKT.

Vertical refgrence frames are either static or dynamic. If the reference frame is dynamic all CRSs hHased
on it are dynamic CRSs. In this document the frame reference epoch attributesof a dynamic vertical
reference frame is treated at the CRS level as described in 7.7 and 10.1.

Requirement: The WKT representation of a vertical reference frame (vértical datum) shall be:

<vertical refefence frame>

<vertical reference frame keyword> <left delimiter>
<datum name> [ <wkt sepdrator> <datum anchor> |

[ { <wkt separator>&identifier> } ... <right delimiter>
VDATUM | VRE.J VERTICALDATUM

<vertical refefence frame keyword>

!I'l' In this™document for consistency with other
datum types described in this document the

prefetred keyword is VDATUM, but either VRF or
VERRFCALDATUM is permitted. Implementations shduld
be\prepared to read all three forms. See B.2.Z2 |for
additional comment.

<datum namep> u= <quoted Latin text> 'l See 7.2.
<datum anchqr> F <datum anchor keyword> <left delimiter>

<datum anchor description> <right delimiter>
<datum anchqr keyword> u= ANCHOR

<datum anchgr description> u= <quoted Latin text>
EXAMPLE 1 | VDATUM["'N&wlyn"]

EXAMPLE 2 | VERTICALDATUM|["Newlyn",ANCHOR["Mean Sea Level 1915 to 1921."]]

10.3 Vertigcalcoordinate system

<coordinate system> is described in 7.5. Several constraints and recommendations for coordinate
systems used in vertical CRSs are described there. These include the requirement for a vertical CRS to
contain a vertical coordinate system.
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10.4 Example of WKT describing a vertical CRS
EXAMPLE1  Staticvertical CRS

VERTCRS ["NAVD88",
VDATUM["North American Vertical Datum 1988"],
CS[vertical,1l],
AXIS["gravity-related height (H)",up],
LENGTHUNIT ["metre",1.0]
]

EXAMPLE 2 Static geoid-based vertical CRS

VERTCRS ["CGVD2013",
VRF ["Canadian Geodetic Vertical Datum of 2013"],
CS[vertical,1l],
AXIS["gravity-related height (H)",up],
LENGTHUNIT ["metre",1.0],
GEOIDMODEL ["CGG2013",ID["EPSG", 6648]]
]

EXANPLE 3  Dynamic vertical CRS

VERTCRS ["RH2000",
DYNAMIC [FRAMEEPOCH[2000.0],MODEL ["NKG201J6eRU"] ],
VDATUM["Rikets Hojdsystem 2000"],
CS[vertical,1l],
AXIS["gravity-related height (H)A, up],
LENGTHUNIT ["metre",1.0]

11 WKT representation of engineering CRSs

11.1‘[ Overview

Requirement: The WKT representation of an engineering coordinate reference system shgll be:

<eng|neering crs> <engineering crs keyword> <left delimiter> <crs name>
<wkt separator> <engineering datum>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
ENGCRS | ENGINEERINGCRS

!I'l' In this document for brevity the preferred keyword
is ENGCRS. ENGINEERINGCRS is permitted. Implemefptations
should be prepared to read both forms.

<eng|neering crs.keyword>

ol L 4 i 4
<Crs haine = quoteamatiT text T oCe

<scope extent identifier remark> is described in 7.3.

11.2 Engineering datum
Requirement: The WKT representation of an engineering datum shall be:

<engineering datum> = <engineering datum keyword> <left delimiter> <datum name>
[ <wkt separator> <datum anchor> |

[ { <wkt separator> <identifier> } ]... <right delimiter>
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<engineering datum keyword> HE EDATUM | ENGINEERINGDATUM

!'l' In this document for brevity the preferred
keyword is EDATUM, but ENGINEERINGDATUM 1is
permitted. Implementations should be prepared to
read both forms.

<datum name> n= <quoted Latin text> 'l See 7.2.
<datum anchor> u= <datum anchor keyword> <left delimiter>

<datum anchor description> <right delimiter>
<datum anchor keyword> u= ANCHOR

<datum anchor description> n= <quoted Latin text>

11.3 CoorJlinate systems for engineering CRSs

<coordinate|system> is described in 7.5. Several constraints and recommendations for coordinate sysgtems
used in engineering CRSs are described there. These include the requirement for an engineering CRS to
contain conffain an affine, Cartesian, cylindrical, linear, ordinal, polar or spherical coordinate system

11.4 Examples of WKT describing an engineering CRS

EXAMPLE 1 ENGCRS["A construction site CRS",
EDATUM["P1",ANCHOR["Peg in south corner"]],
CS[Cartesian, 2],
AXIS["site east",southWest,ORDER[1]],
AXIS["site north",southEast,ORDER[2]],
LENGTHUNIT ["metre",1.0],
USAGE [SCOPE ["Construction"], TIMEEXTENT\*date/time tl","date/time t2"]]

]

EXAMPLE 2 ENGINEERINGCRS ["Astra Minas Grid",
ENGINEERINGDATUM["Astra Minas"%;
CS[Cartesian, 2],

AXIS["northing (X)",north}ORDER[1]],
AXIS["westing (Y)",westywORDER[2]],
LENGTHUNIT ["metre", INOT,
ID["EPSG",5800]
1

EXAMPLE 3 ENGCRS ["A ship—-centred CRS",
EDATUM["ShipN\réference point",ANCHOR|["Centre of buoyancy"]],
CS[Cartestfanm;, 3],
AXIS[{Ax) ", forward],
AXIS\P*™(y)",starboard],
AXIS([" (z)",down],
DENGTHUNIT ["metre",1.0]
1

EXAMPLE 4 —Acomntinmuous {not discrete) CRS foraminmage:
ENGCRS["An analogue image CRS",
EDATUM["Image reference point",ANCHOR["Top left corner of
image = 0,0"]11,
CS[Cartesian, 2],
AXIS["Column (x)",columnPositive],
AXIS["Row (y)",rowPositive],
LENGTHUNIT ["micrometre", 1E-6]
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EXAMPLES5  Adiscrete CRS for an image.
ENGCRS["A digital image CRS",
EDATUM["Image reference point",ANCHOR["Top left corner of
image = 0,0"11],
CS[ordinal, 2],
AXIS["Column pixel (x)",columnPositive,ORDER[1]],
AXIS["Row pixel (y)",rowPositive,ORDER[2]]

12 WKT representation of parametric CRSs

12.1 Overview
Requirement: The WKT representation of a parametric coordinate reference system shall|be:

<parpmetric crs> <parametric crs keyword> <left delimiter> <crs name>

<wkt separator> <parametric datum>
<wkt separator> <coordinate system>

<scope extent identifier remark> <right'delimiter>
PARAMETRICCRS

<crs hame> n= <quoted Latin text> I'l See 7.2.

<parpmetric crs keyword>

<scope extent identifier remark> is described in 7.3.

12.2 Parametric datum

Requirement: The WKT representation of a parametric datum shall be:

<pargmetric datum> n= <parametric datum keyword> <left delimiter>
<datum name>

[ <wkt separator> <datum anchor> |

[ { <wkt separator> <identifier> } ]... <right delimiter>
<parpmetric datum keyword> u= PDATUM | PARAMETRICDATUM

'l In this document for brevity the preferrdd keyword
is PDATUM, but PARAMETRICLDATUM is permitted.
Implementations should be prepared to read Hoth forms.

<dat@im name> HE <quoted Latin text> I'l See 7.2.
<datyim anchor> u= <datum anchor keyword> <left delimiter>

<datum anchor description> <right delimiter>
<datym anchor keyword> u= ANCHOR

<datyihvanchor description> u= <quoted Latin text>

12.3 Parametric coordinate system

<coordinate system> is described in 7.5. Several constraints and recommendations for coordinate
systems used in parametric CRSs are described there. These include the requirement for a parametric
CRS to contain a parametric coordinate system.

12.4 Example of WKT describing a parametric CRS

EXAMPLE PARAMETRICCRS ["WMO standard atmosphere layer 0",
PDATUM["Mean Sea Level",ANCHOR["1013.25 hPa at 15°C"]],
CS[parametric,1],
AXIS["pressure (hPa)",up], PARAMETRICUNIT["HectoPascal",100.0]
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13 WKT representation of temporal CRSs

13.1 Temporal CRS

The document supports three subtypes of temporal CRS: temporalDateTime (date and time using the
representation defined in ISO 8601-1), temporalCount (when the temporal quantities are integers) and
temporalMeasure (when the temporal quantities are real numbers). In WKT strings this subtyping is
exposed through the coordinate system element.

Requirement: The WKT representation of a temporal coordinate reference system shall be:

\%
1

<temporal cr9 <temporal crs keyword> <left delimiter> <crs name>
<wkt separator> <temporal datum>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
<temporal crq keyword> = TIMECRS

<crs name> n= <quoted Latin text> I'l See 7.2

<scope extent identifier remark> is described in 7.3.

13.2 Temporal datum

Requiremept: The WKT representation of a temporal datum shallbe:

<temporal dafum> u= <temporal datum keyword> <left delimiter> <datum name>
[ <wkt separator>.&calendar> |

[ <wkt separatdr> <temporal origin> |

[ { <wkt separator> <identifier> } ]... <right delimiter>
<temporal dafum keyword> = TDATUMY TIMEDATUM

I'\_Dn this document for brevity the preferred keywprd
1s TDATUM, but TIMEDATUM is permitted. Implementatfons
should be prepared to read both forms.

<datum namej> o <quoted Latin text> 'l See 7.2.
<temporal origin > <= <temporal origin keyword> <left delimiter>

<temporal origin description> <right delimiter>

<temporal origin keyword> n= TIMEORIGIN
<temporal origin description u= <datetime> | <quoted Latin text>
<calendar> n= <calendar keyword> <left delimiter>

<calendar identifier> <right delimiter>
<calendar keyjwerd> n= CALENDAR

<calendar idehtifter 1= qretedbatintext

In this document the “proleptic Gregorian” calendar as defined in ISO 8601-1 is the only standardised
entry for the calendar identifier. If the calendar element is omitted, “proleptic Gregorian” is the assumed
value. If the temporal origin element is omitted, then "1875-05-20" is the assumed default value.

NOTE The default value for temporal origin of 1875-05-20 is the date of signing of the Convention du Metre,
an international treaty that was signed in Paris on 20 May 1875 by representatives of 17 nations (Argentina,
Austria-Hungary, Belgium, Brazil, Denmark, France, Germany, Italy, Peru, Portugal, Russia, Spain, Sweden and
Norway, Switzerland, Turkey, United States of America, and Venezuela). The treaty created the International
Bureau of Weights and Measures (BIPM), an intergovernmental organization under the authority of the General
Conference on Weights and Measures (CGPM) and under the supervision of the International Committee for
Weights and Measures (CIPM), which coordinates international metrology and the development of the metric
system. The Gregorian calendar was introduced in October 1582. Adoption of this calendar has occurred in
various countries over a 400-year period.
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EXAMPLE 1

Temporal datum in which Calendar included.

TIMEDATUM["Gregorian calendar",CALENDAR["proleptic Gregorian"],
TIMEORIGIN[0000-01-01]]

EXAMPLE 2

Temporal datum with Calendar omitted so should be assumed to be "proleptic Gregorian".

TDATUM["Gregorian calendar", TIMEORIGIN["0001 January 1st"]]

EXAMPLE 3
Temporal datum with Calendar omitted so should be assumed to be "proleptic Gregeria
Origin omitted so should be assumed to be 1875-05-20. This will nornially be yised with a

Timd
temp

TD
13.3

13.3

<coopdinate system> is described in 7.5. Several general{constraints and recommer

coor

Temjporal coordinate systems treat <axitUnit> and <conversion factor> differently from ot

coor

13.3
The

Its components are defined in ISO 8601-1,"The syntax for a dateTime value in WKT is give
hx for a temporalDateTime coordinate system in WKT is given in 7.5.1; no axis unit is included.

synt

Requiirement: For a temporalDateTime coordinate system, neither <axis unit> nor <c§

be gi
NOTH

~}

Per
axis

13.3

Fort

71.5.1 to 7.5.5, for @temporalDateTime CS axis name/abbreviation and axis direction sh

oralDateTime coordinate system.
NTUM["Gregorian calendar"]

Temporal coordinate system

1 General

linate systems are described there. Those in 7.5.1 to 5.5 apply to temporal coordin

linate system and their additional constraints arédescribed here.

2 Axis unit for temporalDateTime coordinate systems

lateTime syntax is a representation of‘a-compound string including multiple temporag

ven.

This requiremengt also applies to ordinal coordinate systems, see 7.5.6.3.

brder may be. given or be implied. Only axis unit is omitted.

3 Axisunit for temporalCount and temporalMeasure coordinate systems

h", and with

dations for
hte systems.
her types of

| quantities.
h in 6.3. The

unit> shall

all be given,

emporalCount and temporalMeasure coordinate systems, the requirements for coordinate system

and ¢oendinate system axis are the same as those for a spatial coordinate system and spati;{lcoordinate

system axis except that the axis unit conversion factor is conditional, to be given only when the temporal
quantity (time unit) has a simple scalar conversion ratio to the SI base unit of a second. Requirements
and examples are in 7.4.1 and 7.4.3.

13.4 Examples of WKT describing a temporal CRS

EXAMPLE1 Temporal CRS with a temporalDateTime coordinate system (axis time unit shall not
be given). Calendar attribute is omitted and time origin attribute is omitted (defaults

inferred in both cases):
TIMECRS ["DateTime",
TDATUM|["Gregorian Calendar"],
CS[TemporalDateTime, 1],AXIS["Time (T)", future]
]

© IS0 2019 - All rights reserved
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NOTE Example coordinate data suitable for use with this CRS:
(2018-04-25T16:30:00Z, 2018-05-01T09:35:247, ...).
EXAMPLE 2  Temporal CRS with a temporalCount CS (coordinates are integers) in which axis unit
includes a scalar conversion factor:
TIMECRS["GPS milliseconds",
TDATUM["GPS time origin", TIMEORIGIN[1980-01-01T00:00:00.0211,
CS[TemporalCount,1],AXIS["(T)", future, TIMEUNIT["millisecond
(ms)",0.0017]
]
NOTE Example coordinate data suitable for use with this CRS:
(5851236450450, 5351236450950, -
EXAMPLE 3 | Temporal CRS with a temporalCount CS in which axis quantity is integer count. Axis unit
is used but conversion factor is omitted because not scalar.
TIMECRS["Calendar hours from 1979-12-29",
TDATUM["29 December 1979", TIMEORIGIN[1979-12-29T00]17,
CS[TemporalCount,1],AXIS["Time", future, TIMEUNIT ["hour"]]
]
NOTE Example coordinate data suitable for use with this CRS: (429, 453, ..).
EXAMPLE 4 | Temporal CRS with a temporalMeasure CS (coordinates are real’numbers) in which
<axis unit> is used but <conversion factor> is omitted becausenot scalar:
TIMECRS ["Decimal Years CE",
TDATUM["Common Era", TIMEORIGIN[0000]],
CS[TemporalMeasure,1l],AXIS["Decimal years
(a)", future, TIMEUNIT ["year"] ]
]
NOTE Example coordinate data suitable for use with this‘€RS: (2000.4, 2002.8, ...).
EXAMPLE 5 | Temporal CRS with a temporalCount CS*(ceordinates are integers). <axis unit> is used
but <conversion factor> is omitted because not scalar:
TIMECRS["Unix time",
TDATUM["Unix epoch", TIMEORIGIN[1970-01-01T00:00:00z]11,
CS[TemporalCount,1],AXIS["Time", future, TIMEUNIT ["second"]]
]
NOTE Tlhe timeunit second is aealendar second, not an SI second; leap seconds
arle not applied[Zl. Example coordinate data suitable for use with this CRS:
(1528368006, 1528368219, ...).
14 WKT nepresentation of derived CRSs
14.1 Overyview
cne Al H P I al » X ol LRC Lial £
VCU UINOD 15 d UIND WIIIUIT CLAIIIIUU TA

[SO 19111 ir

1554 dalls £ of pa | H A |
LTUUCS a TITOUTTITITE CUTILCTP T UT A UTT TVEU CINGS . 7T UTT T

stin

its own right but is defined through a coordinate conversion from another coordinate reference system.

A projected CRS is a special case of a derived CRS. Because of its importance to geographic information
and particularly for backward compatibility reasons necessitating a different string structure it is
treated separately from the general case and is described in Clause 9.

NOTE Georeferenced image coordinates are not referenced to a derived CRS but to an engineering CRS. The
georeferencing is accomplished through a coordinate transformation between the image's engineering CRS and
the (usually geodetic or projected) CRS to which the image is georeferenced.

This document implements this modelling concept through the inclusion of a ‘base CRS’ description
within the description of the CRS. Table 4 compares the general structure of WKT for the principal CRS
types described in Clauses 8 and 10 to 14 with the general structure of WKT for a derived CRS.
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Table 4 — Comparison of general structure of WKT for principal and derived CRSs

Structure for principal CRSs Structure for derived CRSs

a) keyword a)

b) name b)

¢) datum or datum ensemble c) base CRS including its datum or

datum ensemble
d) deriving conversion
d) coordinate system e) coordinate system
e) optional metadata f) optional metadata

In d¢rived CRSs the base CRS detail includes the

name and datum of the base CRS from which the
deriyed CRSis derived. The base CRS detail does not include optional metadata or the'toordinate system
inforjmation for that base CRS, but the dimension of the base CRS's coordinate system cohstrains the
dimdnsion of the derived CRS.

Requyirement: The dimension of a derived CRS shall be equal to or less than-the*dimension of fts base CRS.

14.2 Deriving conversion

14.2{1 General

The deriving conversion in a derived CRS is a specialised-"case of coordinate conversion described
in Clause 17 in which the source and target CRSs are by definition the base CRS and the ferived CRS
respectively; these are therefore implied rather thanexplicitly stated in the WKT string. Because
coorflinate conversions are exact, the attribute opération accuracy is not relevant and exgcluded from

Req

<der{ving conversion >

<der{ving conversion keywoid>

<der{ving conversion hame> =

<deriving conversion name> <wkt separator>
<operation method> [ { <wkt separator>
{ <operation parameter> | <operation parameter file>}} |...

[ { <wkt separator> <identifier>} ]...
DERIVINGCONVERSION

<quoted Latin text>

irement: The WKT representation of'a‘'<deriving conversion> shall be:

<deriving conversion keyword> <left delimiter>

the cleriving conversion WKT string. A map proje€tion is a special case of a deriving conversjon (see 9.3).

<right delimiter>

'l See 7.2.

Operfation method, operation parameter and operation parameter file are described in 17.2,.4 to 17.2.6.

Identifier is-described in 7.3.4.

14 2 La ] D 3 A LCDRDC 3 2+l . |
i DJTTIVOEU UIND LUILIVTL S1IVUIT ITITULIIUU

Requirement: The WKT representation of a derived CRS conversion method shall be:

<operation method>

<operation method keyword> = METHOD

<operation method name> u=

u= <operation method keyword> <left delimiter>

<operation method name>

[ { <wkt separator> <identifier>} ]...

<quoted Latin text>

<right delimiter>

'l See 7.2.

Method name is for human readability. For interoperability it is the method formula that is critical in
determining the equivalence of methods; this may be given through an operation method <identifier>.

© IS0 2019 - All rights reserved
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<identifier> is described in 7.3.4. It is an optional attribute. If an identifier is included as an attribute
within the derived CRS conversion object (14.2.1), it shall take precedence over any identifier within
the operation method object.

If an <identifier> is omitted for both derived CRS conversion and derived CRS conversion method,
the WKT description is potentially ambiguous, relying on interpretation of method name. It is
recommended that either a derived CRS conversion identifier or a derived CRS conversion method
identifier is included in WKT strings. Identifiers for commonly encountered coordinate transformation
methods are given in E.4.

14.2.3 Der

ived CRS conversion parameter

Requiremept: The WKT representation of a derived CRS conversion parameter shall be:
<operation pgrameter> = <parameter keyword> <left delimiter> <parameter name>

<wkt separator><parameter value> <wkt separator>

<parameter unit>

[ { <wkt separator> <identifier>} ]... <right delimiter>
<parameter kpyword> = PARAMETER
<parameter npme> = <quoted Latin text> 'l Seer 7%2.
<parameter vhlue> = <signed numeric literal>
<parameter upit> = <length unit> | <angle unit> | <scale unitx |<time unit>

Units are de

Parametern
that are cri
encountere(
listed in E.5
method and
logical. Imp]
the paramet

| <parametric unit>
scribed in 7.4.

ame is for human readability. For interoperability it is the method formula and its param

| coordinate operation methods and their parameters are given in E4; the parameter
. The coordinate operation parameters required are specific to the coordinate oper

are listed sequentially. The order within the sequence is not significant but shou
ementations should be preparedto read any order. For those methods included in Ani
er order given in F.4 is recomimended.

nts:

ed CRS conversiot“WKT strings <parameter value> shall be given in the sense basq
ed CRS. If the parameter unit is linear its conversion factor shall be to metres and i

ne numberfofradians per unit. If the parameter is a scaling unit the conversion factor
ity, for éxample parts per million (ppm) shall be given as 10-°.

For'‘commonly-encountered parameters the parameter type is included in E.5.

pters

Fical in determining the equivalence of methods. See Annex F. Identifiers for commnonly

S are
htion
d be
nex F

CRS
s the

of metres pen unit. If the parameter unit is angular its conversion factor shall be to radlians

shall

: 1 1 1 o o4 Y, - M h TIPS R Ic 1 g TR 11 bt
IET = 15 UESCTIDCU T 7. 0.7%. TUIS dIT OPLIOIALI dLLT'TOULE, 11 dIT TUTTILITICT IS TIICTUUCU d5 dlIl dULT

bute

within the derived CRS conversion object (14.2.1) or coordinate operation method object (14.2.2), it
shall take precedence over any identifier within the derived CRS conversion parameter object.

Requireme
a) In deriy
to deriv
number
andist
be to un
NOTE
b) <identif
14.2.4 Der
Requireme

<operation pa

<parameter fi

58

ived CRS conversion parameter file
nt: The WKT representation of a derived CRS conversion parameter file shall be:

rameter file>

<parameter file keyword> <left delimiter> <parameter name>
<wkt separator> <parameter file name>

[ { <wkt separator> <identifier>} ]...
PARAMETERFILE

<right delimiter>

le keyword>
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<quoted Latin text> I'l See 7.2.
<quoted Latin text> I'l See 7.2.

For <parameter name> and <identifier> the requirements given in 17.2.5 shall apply.

14.2.5 Derived CRS conversion example

EXAMPLE

DERIVINGCONVERSION|["conversion name",

METHOD ["method name",ID["authority",123]7],
PARAMETER ["parameter 1 name", O,
ANGLEUNIT ["degree",0.0174532925199433],

14.3

14.3

Requirement: The WKT representation of a derived geodetic or a derived geographid

refern

<der

<der

<der

<der

ID["authority", 4560]
1,

PARAMETER ["parameter 2 name",-123,
ANGLEUNIT ["degree",0.0174532925199433],

ID["authority",789]

Derived geodetic CRS and derived geographic CRS

1 Representation

ence system shall be:

ved geodetic crs> u=

ved geographic crs> n=

ved static geod crs> =

ved dynamic geod crs> n=

<derived staticgeod crs> | <derived dynamic geod crs>
| <derived geographic crs>

<derived static geog crs> | <derived dynamic geog crs>
<geodetic crs keyword> <left delimiter>

<derived crs name> <wkt separator>

{ <base static geod crs> | <base static geog crs>}

<wkt separator> <deriving conversion>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
<geodetic crs keyword>

<left delimiter> <derived crs name> <wkt separator>

{ <base dynamic geod crs> | <base dynamic geog crs> }
<wkt separator> <deriving conversion>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>

<der

© ISO

ved static geog crs> u=

2019 - All rights reserved

<geographic crs keyword >

<left delimiter> <derived crs name> <wkt separator>
{ <base static geod crs> | <base static geog crs> }
<wkt separator> <deriving conversion>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>

coordinate
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<derived dynamic geog crs>

<geodetic crs keyword>

<geographic c

<derived crsn

<geographic crs keyword >

<left delimiter> <derived crs name> <wkt separator>
{ <base dynamic geod crs> | <base dynamic geog crs> }
<wkt separator> <deriving conversion>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>

= GEODCRS | GEODETICCRS 'l See 8.1.
rs keyword> = GEOGCRS | GEOGRAPHICCRS !'l See 8.1.
ame> = <guoted Latin text> | See 7.2

<base static g|

<base dynam

<base static g

<base dynam

<base geodeti

<base geograj

<base crs nan|

<coordinatg
to derived g

<dynamic c

bod crs>

c geod crs>

POg CIrs>

c geog crs>

c crs keyword>

e>

hic crs keyword>

system>is{described in
podetie:ERSs and derived geographic CRSs.

7.5

<base geodetic crs keyword> <left delimiter>
<base crs name> <wkt separator>
{ <geodetic reference frame> | <geodetic datum ensemble> }

[ { <wkt separator> <identifier> } |... <right delimiter>
<base geodetic crs keyword> <left delimiter>

<base crs name> <wkt separator> <dynamigcrs>

<wkt separator> <geodetic reference frame>

[ { <wkt separator> <identifier> } |..{ <right delimiter>
<base geographic crs keyword> sleft/delimiter>

<base crs name> <wkt separator>

{ <geodetic reference frame> | <geodetic datum ensemble> }
[ { <wkt separator> <identifier> } ... <right delimiter>
<base geographic ers'keyword> <left delimiter>

<base crs namex <wkt separator> <dynamic crs>

<wkt separator> <geodetic reference frame>

[ { <wkt separator> <identifier>} ]... <right delimiter>
BASEGEODCRS
BASEGEOGCRS

!I'l' The base CRS keyword should reflect the type of
(geodetic or geographic) upon which the derived CJ
is referenced. The previous version of this documd
used only BASEGEODCRS. Implementations should be

prepared to read both forms.

<quoted Latin text> 'l See 7.2.

; the constraints for geodetic CRSs and geographic CRSs {

Fs>.1s described in 7.7. It is mandatory when the base CRS is dynamic and should n
bhabhaca CRC 1o ctatie Tho darionad CDC hoctlhn copman ot

Atio fAvzn o

CRS
S
bnt

pply

bt be

e ctatiic ac ke hacn

given when

TIC oSt CTIvo 1o otaticy

T T OCT TV COrCIvo TIa s trC Sa i S tatIC/ Oy TIa i iiC Statu s a5 oy oasT

RS.

<geodetic reference frame> is described in 8.2; it includes ellipsoid and prime meridian descriptions.
<geodetic datum ensemble> is described in 7.6.

<deriving conversion> is described in 14.2, <scope extent identifier remark> in 7.3.

NOTE

<base dynamic geog crs>, but with an extra element, are also used for projected CRSs, see 9.2.

60

Constructs similar to <base static geod crs>, <base dynamic geod crs>, <base static geog crs> and
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2 Example of WKT describing a derived geographic CRS

EXAMPLE Derived geographic CRS with rotated pole, base CRS is dynamic:

GEOGCRS ["WMO Atlantic Pole",
BASEGEOGCRS ["WGS 84 (G1762)",
DYNAMIC [FRAMEEPOCH[2005.011],
TREF["World Geodetic System 1984 (G1762)",

ELLIPSOID["WGS 84",6378137,298.257223563, LENGTHUNIT ["metre",1.0]1]]

1,
DERIVINGCONVERSION["Atlantic pole",
METHOD["Pole rotation",ID["Authority",1234]1],

14.4

14.4

The
projd
How
projd

Requirement: The WKT representation of a derived projected coordinate reference systen

<der

PARAMETER["Latitude of rotated pole",52.0,
ANGLEUNIT ["degree",0.0174532925199433]1],

PARAMETER["Longitude of rotated pole",-30.0,
ANGLEUNIT ["degree",0.0174532925199433]1],
PARAMETER["Axis rotation",-25.0,
ANGLEUNIT ["degree",0.0174532925199433]]

] r

CS[ellipsoidal, 2],
AXIS["latitude",north,ORDER[1]],
AXIS["longitude",east,ORDER[2]],
ANGLEUNIT ["degree",0.0174532925199433]

Derived projected CRS

1 Representation

ferm 'derived projected CRS' is used for cofisistency in the ISO 19111 UML modellin
cted CRSis nota projected CRS; 'derived from projected CRS' would be a more accurate
bver, in addition to inheriting its datum.or reference frame from its base projected CR
cted CRS also inherits the projection distortions of its base projected CRS.

ved projected crs> <derived projected crs keyword> <left delimiter>
<derived crs name> <wkt separator> <base projected cr{
<wkt separator> <deriving conversion>
<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>

. A derived
description.
S, a derived

h shall be:

Y

.3.1.

61

<der{ved projectedicrs keyword> u= DERIVEDPROJCRS
<derived crsfiame> n= <quoted Latin text> I'l See 7.2.
<bas¢ projected crs> u= <base projected crs keyword>
left delimiter base crsname
<wkt separator> <base geodetic geographic crs>
<wkt separator> <map projection>
[ { <wkt separator> <identifier>} ]... <right delimiter>
<base projected crs keyword> u= BASEPROJCRS
<base crs name> u= <quoted Latin text> I'l See 7.2.
<base geodetic geographic crs> u= <base static geod crs> | <base dynamic geod crs>
| <base static geog crs> | <base dynamic geog crs>
!'l These four elements are described in 14
The derived projected CRS takes its dynamic
characteristics from its base geodetic or
geographic CRS.
© IS0 2019 - All rights reserved
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<coordinate system> is described in 7.5; the constraint on projected CRS having CS type of Cartesian
does not apply to derived projected CRSs.

<deriving conversion> is described in 14.2, <map projection> in 9.3, and <scope extent identifier
remark> in 7.3.

14.4.2 Example of WKT describing a derived projected CRS

DERIVEDPROJCRS [“Gulf of Mexico speculative seismic survey bin grid”,
BASEPROJCRS ["NAD27 / Texas South Central",
BASEGEOGCRS ["NAD27",
DATUM["North American Datum 1927",
ELLIPSOID["Clarke 1866",20925832.164,294.97869821,
LENGTHUNIT ["US survey foot",0.304800609601219]
]

]
1,
CONVERSION|["Texas South Central SPCS27",
METHOD [ "Lambert Conic Conformal (2SP)",ID["EPSG",9802]],
PARAMETER["Latitude of false origin",27.83333333333333,
ANGLEUNIT["degree",0.0174532925199433] ,ID["EPSG",8821].1]%
PARAMETER["Longitude of false origin",-99.0,
ANGLEUNIT["degree'",0.0174532925199433] ,ID["EPSG",88227] ],
PARAMETER["Latitude of 1st standard parallel'",28.383333333333,
ANGLEUNIT["degree",0.0174532925199433] ,ID["EPSG"8823]],
PARAMETER["Latitude of 2nd standard parallel",80\283333333333,
ANGLEUNIT["degree",0.0174532925199433] ,ID["EPSG",8824]],
PARAMETER["Easting at false origin",2000000.0y
LENGTHUNIT["US survey foot",0.304800609604219],ID["EPSG",8826]],
PARAMETER["Northing at false origin", 0.0y
LENGTHUNIT["US survey foot'",0.304800609601219],ID["EPSG",8827]]
]

4
PERIVINGCONVERSION["Gulf of Mexico speeulative survey bin grid",
METHOD["P6 (I = J-90°) seismic bihJ)grid transformation",ID["EPSG",1049]],
PARAMETER["Bin grid origin I",8000,SCALEUNIT["Bin",1.0],ID["EPSG",87331],
PARAMETER["Bin grid origin J!,\0, SCALEUNIT["Bin",1.0],ID["EPSG",8734]],
PARAMETER["Bin grid origin(Easting",871200,

LENGTHUNIT ["US survey foot",0.304800609601219],ID["EPSG",8735]],
PARAMETER["Bin grid origdn Northing"™, 10280160,

LENGTHUNIT["US surveytfoot",0.304800609601219],ID["EPSG",8736]1],
PARAMETER(["Scale fattor of bin grid", 1.0,

SCALEUNIT ["Unity¥,1.0],ID["EPSG",8737]],
PARAMETER ["Bin miéth on I-axis",82.5,

LENGTHUNIT [203“survey foot",0.304800609601219],ID["EPSG",8738]1],
PARAMETER ["RBidn/width on J-axis",41.25,

LENGTHUNITJ"US survey foot",0.304800609601219],ID["EPSG",8739]1],
PARAMETER[YMap grid bearing of bin grid J-axis", 340,

ANGLEUNIT ["degree",0.0174532925199433],ID["EPSG",8740]1,
PARAMETER ["Bin node increment on I-axis",1.0,

SCAMLEUNIT["Bin",1.0],ID["EPSG",8741]1],
PARAMETER["Bin node increment on J-axis",1.0,

SCALEUNIT["Bin",1.0],ID["EPSG",8742]]

1,
CS[ordinal, 2],
AXIS["Inline (I)",northNorthWest],
AXIS["Crossline (J)",westSouthWest]
]
NOTE A similar approach can be used to describe any rectangular grid referencing system based on a
projected CRS. The grid cell size and placement are defined through the deriving conversion.
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Requirement: The WKT representation of a derived vertical coordinate reference system shall be:

<derived vertical crs>

<vertical crs keyword> u=

<derived crs name> =

<vertical crs keyword> <left delimiter> <derived crs name>
<wkt separator> <base vertical crs> <wkt separator>
<deriving conversion> <wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
VERTCRS | VERTICALCRS 'l See 10.1.

<quoted Latin text> !l See 7.2.

<basg¢ vertical crs> =

<basg¢ static vertical crs> n=

<bas¢ dynamic vertical crs> HE

<base¢ vertical crs keyword> u=

<bas¢ crs name>

<base static vertical crs> | <base dynamic vertical crs>

I'l' The derived CRS takes its dynamic characberi
its base CRS.

<base vertical crs keyword> <left delimiter> <base ers hiame>
<wkt separator>

{ <vertical reference frame> | <vertical datim ensemble> }

[ { <wkt separator> <identifier> } ]... <tight delimiter>

<base vertical crs keyword> <left delimiter> <base crs name>
<wkt separator> <dynamic crs>

<wkt separator> <vertical reférence frame>

[ { <wkt separator> <idéntifier>} ]... <right delimiter>
BASEVERTCRS
<quoted Latin text> 'l See 7.2.

<coofdinate system> is described in 7.5; the constraints for vertical CRSs apply to vertical d

<dyrlamic crs> is described in 7.7. It is mandatory when the base CRS is dynamic and sH

given when the base CRS is static. The dénived CRS has the same static/dynamic status as i

<vertical reference frame> is described in 10.2, <vertical datum ensemble> in 7.6, <deriving
in 1412 and <scope extent identifier remark> in 7.3.

14.4 Derived engineering CRS

Requirement: The WKT Tepresentation of a derived engineering coordinate reference syst

<der{ved engineering crs>

u= <engineering crs keyword> <left delimiter>

<derived crs name> <wkt separator>
<base engineering crs> <wkt separator>

<deriving conversion> <wkt separator>

stics from

brived CRSs.

ould not be
s base CRS.

conversion>

em shall be:

<engineering crs keyword>
<derived crs name>

<base engineering crs>

<base engineering crs keyword>

<base crs name>

© IS0 2019 - All rights reserved

<coordinate system>

<scope extent identifier remark> <right delimiter>

= ENGCRS | ENGINEERINGCRS I'l See 11.1.
u= <quoted Latin text> I'l See 7.2.

n= <base engineering crs keyword> <left delimiter>

<base crs name> <wkt separator>
<engineering datum>

[ { <wkt separator> <identifier> } ]... <right delimiter>

n= BASEENGCRS

u= <quoted Latin text> I'l See 7.2.
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<coordinate system> is described in 7.5; the constraints for engineering CRSs apply to derived

engineering

CRSs.

<engineering datum> is described in 11.2, <deriving conversion> is described in 14.2 and <scope extent
identifier remark> in 7.3.

14.7 Derived parametric CRS

Requirement: The WKT representation of a derived parametric coordinate reference system shall be:

<derived parametric crs>

<parametric crs keyword> <left delimiter> <derived crs name>

<parametric ¢
<derived crs 1

<base paramg

<base paramg

<base crs nan

<coordinatg
parametric

<parametri
remark> in

14.8 DeriV
Requireme

<derived tem

<temporal cr9

rs keyword>
ame>

tric crs>

tric crs keyword>

e>

system> is described
CRSs.

" datum> is described in 12.2, <deriving conversion> in 14.2 and <scope extent iden

/.3.

ed temporal CRS

nt: The WKT representation of a derived temporal coordinate reference system shall i

boral crs>

keyword>

<derived crs 1

e

<wkt separator> <base parametric crs>

<wkt separator> <deriving conversion>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
PARAMETRICCRS 'l See 12N
<quoted Latin text> 'l See 7.2.
<base parametric crs keyword> <left delimiters

<base crs name> <wkt separator>

<parametric datum>

[ { <wkt separator> <identifier> }]...
BASEPARAMCRS

<quoted Latin text>

<right delimiter>

I'l See 7.2.

in 7.5; the constraints for parametric CRSs apply to de

<temporal crs keyword> <left delimiter> <derived crs name>
<wkt separator> <base temporal crs>

<wkt separator> <deriving conversion>

<wkt separator> <coordinate system>

<scope extent identifier remark> <right delimiter>
TIMECRS 'l See 13.1.

g 2

Fived

kifier

<base temporal crs>

<base tempor

<base crs name>

al crs keyword>

auoted ] atin text I

q a.
<base temporal crs keyword> <left delimiter> <base crs name>
<wkt separator> <temporal datum>

[ { <wkt separator> <identifier>}]...
BASETIMECRS

<quoted Latin text>

<right delimiter>

I'l See 7.2.

<coordinate system> for temporal CRSs is described in 7.5 excluding 7.5.6 and 13.3; the constraints for
temporal CRSs apply to temporal derived CRSs.

<temporal datum> is described in 13.2, <deriving conversion> in 14.2 and <scope extent identifier
remark> in 7.3.

64
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15 WKT representation of compound coordinate reference systems

15.1 Overview

A compound CRS is a non-repeating sequence of two or more independent coordinate reference systems
none of which can be compound.

Requirement: The WKT representation of a compound coordinate reference system shall be:

<compound crs> = <compound crs keyword> <left delimiter> <compound crs name>

wktsenarator single crs
r (=]

<wkt separator> <single crs>
[ { <wkt separator> <single crs>}]...
<scope extent identifier remark> <right delimiter>

'V IS0 19111 defines valid combinatioms ©of single|CRS that
may form a compound CRS.

<compound crs keyword> HE COMPOUNDCRS
<conjpound crs name> u= <quoted Latin text> ! NSee 7.2.
<single crs> HE <geodetic crs> | <derived geodetic crs>

| <projected crs> | <derived projécted crs>

| <vertical crs> | <derived vextical crs>

| <engineering crs> | <derived engineering crs>
| <parametric crs> | <derived parametric crs>

| <temporal crs> |«<derived temporal crs>
The fepresentation of constituent single CRSs isielaborated in Clauses 8 to 14.
Consftraints on axis order for compound €RSs are described in 7.5.5.

<scope extent identifier remark> is described in 7.3.

15.2 Examples of WKT describing a compound CRS
EXANPLE1  Spatial compound CRS:

COMPOUNBCRS ["NAD83 + NAVD88",
GEOGCRS ["NAD83",
DATUM["North American Datum 1983",
ELLIPSOID["GRS 1980",6378137,298.257222101,
LENGTHUNIT ["metre™,1.0]]

] ’
PRIMEMERIDIAN["Greenwich",0],

CSlellipsoidal,?2]
AXIS["latitude",north,ORDER[1]],
AXIS["longitude",east,ORDER[2]],
ANGLEUNIT["degree",0.0174532925199433]

] ’
VERTCRS ["NAVD88",
VDATUM["North American Vertical Datum 1983"],
CS[vertical,1l],
AXIS["gravity-related height (H)",up],
LENGTHUNIT ["metre", 1]
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EXAMPLE 2 Spatio-parametric compound CRS:

COMPOUNDCRS ["ICAO layer 0",
GEOGRAPHICCRS ["WGS 84",

DYNAMIC [FRAMEEPOCH[2005]1],

DATUM["World Geodetic System 1984",
ELLIPSOID["WGS 84", 6378137,298.257223563,

LENGTHUNIT ["metre",1.0]111],

CS[ellipsoidal, 2],
AXIS["latitude",north,ORDER[1]],
AXIS["longitude",east,ORDER[2]],
ANGLEUNIT ["degree",0.0174532925199433]

I
PARAMETRICCRS ["WMO standard atmosphere”,

PARAMETRICDATUM["Mean Sea Level",
ANCHOR["Mean Sea Level = 1013.25 hPa"l]],
CS[parametric,1],
AXIS["pressure (P)",unspecified],
PARAMETRICUNIT ["HectoPascal™, 100]

]

EXAMPLE 3 | Spatio-temporal compound CRS (ellipsoid axis unit is metres as <léngthunit> is omitted):

GEOGCRS ["WGS 84 (Gl1762)",
DYNAMIC [FRAMEEPOCH[2005]17,
DATUM["World Geodetic System 1984 (G1762)",
ELLIPSOID["WGS 84",6378137,298.25M223563]11,
CS[ellipsoidal, 2],
AXIS[" (lat)",north,ORDER[1]],
AXIS[" (lon)",east,ORDER[2]],
ANGLEUNIT["degree",0.0174532925199433]
] 14
TIMECRS ["DateTime"
TDATUM["Gregorian Calendar"],
CS[TemporalDateTime, 1§, AXIS["Time (T)", future]

]

16 WKT representation of coordinate epoch and coordinate metadata

16.1 Coordinate epoch

Coordinate ppochis:a’mandatory attribute for a coordinate set that is referenced to a dynamic
Coordinate gpochyis not part of a CRS definition, it is additional metadata for the coordinates wh

required to pnsure that they are unambiguous when referenced to a dynamic CRS.

COMPOUNDCRS ["2D GPS position with civil time in AS0/8601 format",

Requirement: The WKT representation of a coordinate epoch shall be:

<metadata coordinate epoch> n= <coordinate epoch keyword> <left delimiter>
<coordinate epoch> <right delimiter>
EPOCH | COORDEPOCH

<coordinate epoch keyword>

CRS.
chis

!I'l' In this document for brevity the preferred keyword
is EPOCH, but COORDEPOCH is permitted. Implementations

should be prepared to read both forms.

'l EPOCH shall not be used as the keyword for frame

reference epoch, for which FRAMEEPOCH should be used,

or as the name of a coordinate operation parameter,
which "Parameter Epoch" or "Transformation Epoch" as

appropriate should be used.

for
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<coordinate epoch> HE <unsigned integer> [ <period> [ <unsigned integer>] |

'l See 6.3.2.

EXAMPLE EPOCH[2016.47]

16.2 Coordinate metadata

Coordinate metadata is the information required to make coordinates unambiguous. For a coordinate
set referenced to a static CRS it is the CRS definition. For a coordinate set referenced to a dynamic CRS it
is the CRS definition together with the coordinate epoch of the coordinates in the coordinate set.

Requirement: The WKT representation of coordinate metadata shall be:

<coor(dinate metadata>

<coordinate metadata keyword> <left delimiter>
{ <static crs coordinate metadata>

| { <dynamic crs coordinate metadata> <wkt separatex>
<metadata coordinate epoch>} }

<right delimiter>

<coordinate metadata keyword> u= COORDINATEMETADATA

<statjc crs coordinate metadata> = <static geodetic crs> | <static geographic¢ers>

| <projected crs> | <static vertical crs=

| <engineering crs> | <parametfie cr's>

| <temporal crs> | <derived geedetic crs>

| <derived projected crs>)| <derived vertical crs>

| <derived engineeriag.crs> | <derived parametric crs>
| <derived temparal crs> | <compound crs>

'l A prosjected CRS is static if its base CRS i9 static.
<dyngmic crs coordinate metadata> = <dynamicgeodetic crs> | <dynamic geographic crs>
| <pfojected crs> | <dynamic vertical crs>

| <derived geodetic crs>

| <derived projected crs> | <derived vertical crs>

'l The inclusion of the keyword DYNAMIC within the CRS
description indicates that the CRS is a dynamic CRS.
See 7.7.

A derived CRS (including a projected CRS) 1is dynamic 1if
its base CRS is dynamic.

The WKT for theseé types of coordinate reference system (CRS) is described in Clauses 8 to [L5.

EXANMPLE Coordinate metadata for a dataset referenced to a dynamic CRS:

COORDINATEMETADATA [
GEQGCRS["WGES 84 (G1762)"

DYNAMIC [FRAMEEPOCH[2005.0]],

DATUM["World Geodetic System 1984 (Gl1762)",
ELLIPSOID["WGS 84",6378137,298.257223563, LENGTHUNIT ["metre",1.0]]

] ’

CS[ellipsoidal, 3],
AXIS[" (lat)",north, ANGLEUNIT ["degree",0.0174532925199433]1],
AXIS[" (lon)",east, ANGLEUNIT["degree",0.0174532925199433]1],
AXIS["ellipsoidal height (h)",up, LENGTHUNIT ["metre",1.0]]

1,
EPOCH[2016.47]
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17 WKT representation of coordinate transformations and coordinate
conversions excluding map projections

17.1 Coordinate operations

The ISO 19111 data model describes five subtypes of coordinate operation: transformation, conversion,
point motion operation, concatenated operation and pass-through operation. ISO 19111 also defines
the terms coordinate transformation and coordinate conversion; these differ through whether the
source and target CRSs are referenced to the same or different reference frames (datums). For reasons
of backward compatlblllty, in this document the keyword <coordinate operat10n> is used specifically
for Coordlnf 5 =3 Ll allDfUl lllaLlUllD aud CUVUlL dlllaLC CUIIVUCI OIVUIIO ULhCl Lhall dc1 lVllls CUIIVUI OIVUIIO lll\.ll. dlng
map projections. Deriving conversions are described in Clause 14; map projections are a special|case
of deriving fonversion and part of a projected CRS definition and are described in 9.3. The"\WK]JT for
point motiop operations is described in Clause 18. The WKT for concatenated operations js-describled in
Clause 19. This document does not define WKT for pass-through operations.

Requiremept: The WKT representation of a coordinate transformation and of a cobrdinate convefsion
other than 4 deriving conversion (including map projection) shall be:

<coordinate ojperation> n= <operation keyword> <left delimiter> <operation name>

[ <wkt separator> <operation version> ]

<wkt separator> <source crs> <wkt separator> <target crs>
<wkt separator> <operation method>

[ { <wkt separator>

{ <operation parameter> | <operation parameter file>} } ]...
[ <wkt separator> <interpolation crs> |

[ <wkt separator> <operation accuracy]

<scope extent identifier remark> <right delimiter>
<operation kgyword> n= COORDINATEORERATION

17.2 Transformation and conversion components

17.2.1 Opeqration name and version

<operation ngme> N= <quoted Latin text> 'l See 7.2.
<operation version> HE <operation version keyword> <left delimiter>
<operation version text> <right delimiter>
<operation version keywerd> u= VERSION

<operation version teXt> = <quoted Latin text> 'l See 7.2.

17.2.2 Source and target CRS

Requirement: The WKT representation of the source and target CRSs of a <coordinate operation>
shall be:

<source crs> u= <source crs keyword> <left delimiter>
<coordinate reference system> <right delimiter>

<source crs keyword> u= SOURCECRS

<target crs> u= <target crs keyword> <left delimiter>
<coordinate reference system> <right delimiter>

<target crs keyword> u= TARGETCRS

<coordinate reference system> u= <single crs> | <compound crs>
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Coordinate reference systems are defined in Clauses 8 to 15. <single crs> and <compound crs> are
elaborated in 15.1.

17.2.3 Transformation and conversion name and identifier

Coordinate operation encompasses the collection of method and parameter values. Its name is for
human readability.

<identifier> is described in 7.3.4. It is an optional attribute. If an identifier is provided as an attribute
within the <coordinate operation> object (17.1), because it is expected to describe a complete collection
of zone name, method, parameters and parameter values, it shall override any identifiers given within
the cpordinate operation method and coordinate operation parameter objects.

Requirement: If an identifier is provided as an attribute of a coordinate operatién object, it shall
overfide any identifiers given within the component method and parameter objects.

17.2}4 Coordinate operation method

Requirement: The WKT representation of a coordinate operation method.shall be:

<opefation method> <operation method keyword> <left delimiter>
<operation method name>

[ { <wkt separator> <identifier>} ]... <right delimiter>
<opefation method keyword> u= METHOD

<opefation method name> u= <quoted Latin textx3 I'l See 7.2.

Method name is for human readability. For interoperability it is the method formula that|is critical in
determining the equivalence of methods; this mdybe given through an operation method <identifier>.

<identifier> is described in 7.3.4. If an <identifier> is omitted for both coordinate operatign (17.1) and
operption method, the WKT descriptions-potentially ambiguous, relying on interpretation of method
name. It is recommended that either aceordinate operation identifier or a coordinate operation method
identifier is included in WKT strings. Identifiers for commonly encountered coordinate trapsformation
metHods are given in F.4.

17.2}5 Coordinate operation parameter
Requirement: The WKI*representation of a coordinate operation parameter shall be:

<opelation parameter> u= <parameter keyword> <left delimiter> <parameter name>
<wkt separator><parameter value> <wkt separator> <parameter unit>

[ { <wkt separator> <identifier> } ]... <right delimiter>

<parpméter keyword> u= PARAMETER

<par&metername == guoted-Latintext LS A
<parameter value> u= <signed numeric literal>

<parameter unit> u= <length unit> | <angle unit> | <scale unit> | <parametric unit>

| <time unit>
Units are described in 7.4.

Parameter name is for human readability. For interoperability it is the method formula and its
parameters that are critical in determining the equivalence of methods. See Annex F. Identifiers
for commonly encountered coordinate operation methods and their parameters are given in F.4;
the parameters are listed in E.5. The coordinate operation parameters required are specific to the
coordinate operation method and shall be listed sequentially. The order within the sequence is not
significant but should be logical. Implementations should be prepared to read any order. For those
methods included in Annex F the parameter order given in F.4 is recommended.
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Requirements:

a)

In coordinate operation WKT strings <parameter value> shall be given in the sense <source crs> to

<target crs>. If the transformation parameter unit is linear its conversion factor shall be to metres
and is the number of metres per unit. If the unit is angular its conversion factor shall be to radians
and is the number of radians per unit. If the parameter is a scaling unit the conversion factor shall
be to unity, for example parts per million (ppm) shall be given as 10-°.

NOTE

b)
within

he coordinate operation nhjpr'r (‘I 7 1) or coordinate operation method nhjpr‘f (1 72 4) it

For commonly-encountered transformation parameters the parameter type is included in E.5.

<identifier> is described in 7.3.4. It is an optional attribute. If an identifier is included as an attribute

shall

take prd

17.2.6 Coo
Requireme

<operation par

<parameter filg
<parameter na

<parameter filg

For <param

17.2.7 Intg

Some coord
source CRS1
two verticall
as VERTCOI
defining the

Requireme

<interpolatio

<interpolatio

<coordinate

rdinate operation parameter file

tcedence over any identifier within the coordinate operation parameter object.

nt: The WKT representation of a coordinate operation parameter file shall be:

hmeter file> <parameter file keyword> <left delimiter> <parameter name>&<wkt separator>

<parameter file name>

[ { <wkt separator> <identifier>}]... <right delimiter>

keyword> = PARAMETERFILE
ne> = <quoted Latin text> I'l SeeN/22.
name> = <quoted Latin text> 'l Seet 7.2.

bter name> and <identifier> the requirements given in 17.2.5 shall apply.

rpolation CRS

inate operation methods require coordinates referenced to a CRS which is neithe
nor the target CRS. For example, in a coordinate operation applying a vertical offset bet]
CRSs using either the vertical offset and slope method or a grid interpolation method
N, horizontal coordinates are réquired. <interpolation crs> provides the mechanisi
CRS to which these coordinates are referenced.

nt: The WKT representation of an <interpolation crs> shall be:

) crs> <interpolation crs keyword> <left delimiter>

<coordinate reference system> <right delimiter>
INTERPOLATIONCRS

L crs keyword>

referencesystem> is defined in 17.2.2.

17.2.8 Coo|

dinhate operation accuracy

r the
veen
such
n for

Operation accuracy IS an optional attribute which indicates the typical error the application of a
coordinate operation will introduce into transformed target CRS coordinates assuming input of
errorless source CRS coordinates. It is an approximate figure for the area of applicability of the
coordinate operation as a whole, given in metres.

Requireme

<operation ac

<operation ac

<accuracy>

70

nt: The WKT representation of an <operation accuracy> shall be:

curacy> <operation accuracy keyword> <left delimiter>
<accuracy> <right delimiter>
OPERATIONACCURACY

<number>

curacy keyword>

'l <accuracy> is in metres
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17.2.9 Other coordinate operation attributes

<identifier> is described in 7.3.4. It is an optional attribute.

<scope> is described in 7.3.2 and <extent> in 7.3.3. These are optional attributes describing the

applicability of the coordinate operation.

<remark> is described in 7.3.4.

17.3 Examples of WKT describing a coordinate transformation

Line A Fera
target CRS definitions are omitted from the example so that the coordinate transformati
are more clearly identified.

EXANPLE 1
COORDINATEOPERATION["Tokyo to JGD2000",VERSION["GSI"],
SOURCECRS [
GEODCRS ["Tokyo",
DATUM["Tokyo 1918",
ELLIPSOID["Bessel 1841",6377397.155,299.1528128,
LENGTHUNIT [“metre”,1.0]1]11,
CS[Cartesian, 3],
AXIS[" (X)",geocentricX,ORDER[1]],
AXIS["(Y)",geocentricY,ORDER[2]],
AXIS["(Z)",geocentricZ,ORDER[3]],
LENGTHUNIT["metre",1.0]
]
] 4
TARGETCRS [
GEODCRS ["JGD2000",

DATUM["Japanese Geodetic Datum 2000",
ELLIPSOID["GRS 1980",6378137.0,298.257222101,
LENGTHUNIT [“metre”, 1.QiW),

CS[Cartesian, 3],
AXIS[" (X)",geocentricX],
AXIS[" (Y)",geocentrdcY],
AXIS["(Z)",geocentricz],
LENGTHUNIT["metee", 1.0]
]
] 4
METHOD ["Geelehtric translations",ID["EPSG",1031]],
PARAMETER(WX-axis translation",-146.414,
LENGTHUNIT ["metre",1.0],ID["EPSG", 8605117,
PARAMETER(["Y-axis translation",507.337,
TENGTHUNIT ["metre",1.0],ID["EPSG",86006]],
PARAMETER["Z-axis translation",680.507,
LENGTHUNIT ["metre",1.0],ID["EPSG",8607]]

source and
bn elements

]

EXAMPLE 2
COORDINATEOPERATION["AGD84 to GDA94",

SOURCECRS [..full CRS definition required here but omitted for brevity..],
TARGETCRS [..full CRS definition required here but omitted for brevity..],
METHOD ["Geocentric translations",ID["EPSG",1031]117,
PARAMETER ["X-axis translation",-128.5, LENGTHUNIT["metre",1.0]1,
PARAMETER["Y-axis translation",-53.0, LENGTHUNIT["metre",1.0]117,
PARAMETER["Z-axis translation",153.4, LENGTHUNIT["metre",1.0]117,
OPERATIONACCURACY[5],
USAGE [SCOPE ["Low accuracy applications."],

AREA["Australia onshore"],BBOX[-43.7,112.85,-9.87,153.68]1],
REMARK["Use NTv2 file for better accuracy"]
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EXAMPLE 3
COORDINATEOPERATION ["NZGD49 to NzZGD2000",
SOURCECRS [...full WKT definition required here but omitted for brevity..],
TARGETCRS [..full WKT definition required here but omitted for brevity..],
METHOD ["NTv2",ID["EPSG",9615]1],
PARAMETERFILE ["Latitude and longitude difference file",
"nzgd2kgrid0005.gsb"],
ID["EPSG",1568,CITATION["LINZS25000"],
URI["http://www.linz.govt.nz/geodetic/software-downloads/"11,
REMARK ["Coordinate transformation accuracy 0.1-1.0m"]

]

EXAMPLE 4

COORD
SoU
TAR
MET
PAR
PAR
PAR
PAR
PAR
PAR
PAR
D[

]

EXAMPLE 5

18 WKT 1

COORD
SOU
TAR
MET
PAR

A
PAR
A
PAR
PAR
A
PAR
A
INT
OPE
REM.

A point mot
two epochs.

72

[NATEOPERATION["Amersfoort to ETRS89 (3)",
RCECRS [...full CRS definition required here but omitted for brevity..],
CETCRS [..full CRS definition required here but omitted for brevity..],
HOD ["Coordinate Frame"],
NMETER["X-axis translation",565.2369, LENGTHUNIT ["metre",1.0]17,
A\METER["Y-axis translation",50.0087, LENGTHUNIT["metre",1.0]17,
C\METER["Z-axis translation",465.658, LENGTHUNIT["metre",1.0]1]4,
A\METER["X-axis rotation",1.9725,ANGLEUNIT ["microradian", 1E€00]],
["Y-axis rotation",-1.7004,ANGLEUNIT["microradian"¢1E-06]17,
[
[

NMETER
ANMETER["Z-axis rotation”,9.0677,ANGLEUNIT ["microradian"{lE-06]11],
NMETER["Scale difference",4.0812, SCALEUNIT["parts pex¥million",1E-06]],

'EPSG",15739]

[NATEOPERATION["DHHN92 height to EVRF2007 h&ight",

RCECRS [ ...full WKT definition of DHHN9Z2 required here’but omitted for brevity...] ,
CETCRS [ ...full WKT definition of EVRF2007 requined*here but omitted for brevity...],
HOD ["Vertical Offset and Slope",ID["ERSG",1046]],
MNMETER["Inclination in latitude",-=0(010,

NGLEUNIT ["arc-second",4.848136811109535E-06]1,
AMETER["Inclination in longitudeJs",0.002,
NGLEUNIT["arc-second",4.84818681109535E-06]1,

ANMETER["Vertical offset",(0.015, LENGTHUNIT ["metre",1.0]],

AMETER ["Ordinate 1 of evaluation point",51.05,

NGLEUNIT ["degree",0.04%4532925199433]1],

AMETER["Ordinate 2 ofwevaluation point",10.2166666666667,
NGLEUNIT ["degree",0.0174532925199433]1],

RATIONACCURACY[0A1],
ARK["Determined at 427 points. RMS residual 0.002m, maximum 0.007m"]

epreSentation of point motion operations

ERPOLATIONCRS ["ETRS89"..full WKT definition of ETRS89 required here but omitted for brevity.{.

~

b | +l 4] 1 . o b 1 | b b £41 LI | 4o
UIT'OpPTIALIUVII UTSLTTUTS LT LHAITET T CUOUTUITALT VAdIUTS UUutT tU TITULIUIT O LI pUIIIt UTL

ween
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Requirement: The WKT representation of a <point motion operation> shall be:

<point motion operation>

<point motion keyword> <left delimiter> <operation name>
[ <wkt separator> <operation version> |
<wkt separator> <source crs>
<wkt separator> <operation method>
[ { <wkt separator> { <operation parameter>
| <operation parameter file>} } ]...

[ <wkt separator> <operation accuracy> |

<poi

The
para
aret

A po
targd
tranj
poin

EXAN

19

<scope extent identifier remark> <right delimiter>

'l This BNF string is very similar to a subset\ Of
coordinate transformations described in 17.1) Diff
are the omission of <target crs> and <intérpolatid
and a change in keyword.

POINTMOTIONOPERATION

it motion keyword>

httributes <operation name>, <operation version>, <source crs>, <eperation method>
meter>, <operation parameter file>, <operation accuracy] and.<scope extent identif
he same as for coordinate transformations and are described in17.2.

nt motion operation changes coordinate values within a’CRS; as such it does not ha

formations described in Clause 17. Although this document allows any type of CRS,
motion operation will almost always be in a geodetic CRS, geographic CRS or vertical

(PLE
POINTMOTIONOPERATION["Canada velocity, grid ve",
SOURCECRS [..full WKT definition of NAD8S(CSRS)v6 required here but omitted for brevity..
METHOD ["Point motion by grid y(Canada NTv2 Vel)"],
PARAMETERFILE ["Point motiom\fuelocity grid file","cvg60.cvb"],
OPERATIONACCURACY[0.01]

WKT representation‘of concatenated coordinate operations

19.

A c
conv

applied sequentially. The target CRS for the step n is the source CRS for step n + 1. The sof

the ¢
coor

!

General

ncatenated cpordinate operation is two or more coordinate transformations or
ersions or point motion operations, or combinations of these coordinate operation typg

pncatenated coordinate operation is the source CRS for step 1. The target CRS for the c
Hindteoperation is the target CRS for the last step.

that for
ferences
n crs>

<operation
jer remark>

ye source or

t CRSs. This document uses <source crs> in the BNF for ¢onvenience of similarity with coordinate

n practice a
CRS.

coordinate
s, which are
irce CRS for
bncatenated
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Requirement: The WKT representation of a <concatenated operation> shall be:

<concatenated operation> = <concatenated operation keyword> <left delimiter>

<operation name> [ <wkt separator> <operation version> |
<wKkt separator> <source crs>

<wkt separator> <target crs>

{ <wkt separator> <step keyword> <left delimiter>

{ <coordinate operation> | <point motion operation>

| <map projection> | <deriving conversion> }

<concatenate
<step keywor]

<operation ng

<source crs
defined in 1

EXAMPLE
CONC
SQ
TA

OP|
Us

]
For a concat
— source

— target
where i

— target(

Instead of 3
more of the
defined by t

EXAMPLE 1

<right delimiter> }...

[ <wkt separator> <operation accuracy> |

<scope extent identifier remark> <right delimiter>
 operation keyword> = CONCATENATEDOPERATION

> = STEP

me> u= <quoted Latin text> 'l Gee 7.2.

>, <target crs>, <coordinate operation>, <operation version> and <operation accuracy
/.1 and 17.2, <point motion operation> is defined in Clause 18.

ATENATEDOPERATION ["xxxx to zzzz",

URCECRS [..full WKT definition of CRS xxxx required here butomitted for brevity...] ,

RGETCRS [..full WKT definition of CRS zzzz required here but omitted for brevity...],

STEP [..full WKT definition of operation xxxx to yyyy required here but omitted for brevity...],
STEP [..full WKT definition of operation yyyy to zzzzxequired here but omitted for brevity...] ,
ERATIONACCURACY [5]

AGE [SCOPE ["Concatenated operation scope description."],

AREA ["Concatenated operation ared_description.”]]

enated coordinate operation sequence of n coordinate operations:

[RS (concatenated coordinateoperation) = source CRS (coordinate operation step 1);

CRS (coordinate operation step i) = source CRS (coordinate operation step i
=1..n-1);

RS (concatenated coordinate operation) = target CRS (coordinate operation step n).

forward eeordinate operation, an inverse coordinate operation may be used for o1
toordinate)operation steps mentioned above, if the inverse coordinate operation is uni
he forward coordinate operation method.

Changlng coordinates from being referenced to CRS A to belng referenced to CRS B thi

P are

1),

e or
quely

ough

C A+ NG - .11 A | A3 £, £cDC 4 £DC D

fal o) L
coordinate tramnsfermation—ERSA+to—ERSEFfoHowed u_y coordinate—transformationERSE+toERSB—whet

e the

second transformation is documented as CRS B to CRS C but is reversible. In application of the concatenated
operation, the second transformation is applied in the direction from CRS C to CRS B.

In these circumstances, it is recommended that:

a) if the step description includes an identifier from a geodetic registry, the WKT for the step
description should reflect the registry entry. In the example above:

— the

source CRS and target CRS for the concatenated operation are A and B respectively;

— the source CRS and target CRS for step 1 are A and C and the transformation parameter values

are

74

consistent with this direction;
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— the source CRS and target CRS for step 2 are B and C and the transformation parameter values
are consistent with this direction.

This ensures that the parameter values which are documented in the WKT reflect those given in
the geodetic registry.

b) if the step description does not include an identifier from a geodetic registry, the WKT for the
step description should reflect the direction in which the coordinate operation is applied, and the
parameter values should be appropriate for this direction.

In both cases, for each step the parameter values shall be consistent with the documented direction
fromsource to fqrgpf

19.2 Examples of WKT describing a concatenated coordinate operation

EXAMPLE1 Concatenated operation with two steps, the last of which is documented in| the reverse
direction to how it is applied in the concatenated operation because a geodetic registry identifier
for the step is included in the WKT. The WKT documents the step in the direction given in the registry:

CONCATENATEDOPERATION["RT90 to KKJ",
SOURCECRS [GEOGCRS ["RT90",
..full WKT definition of concatenated operation source CRS requifed here but omitted for brevity...] 1,
TARGETCRS [GEOGCRS ["KKJ",
..full WKT definition of concatenated operation target CRSvequired here but omitted for brevity...11,
STEP [COORDINATEOPERATION["RT90 to ETRS89",
SOURCECRS [GEOGCRS ["RT90"
..full WKT definition of step 1 source CRS required here but omitted for brevity...] 1,
TARGETCRS [GEOGCRS ["ETRS89"
..full WKT definition of step 1 target CRS required here but omitted for brevity...] 1,
METHOD [
..full WKT definition of operation RT96-to ETRS89 required here but omitted for brevity..
ID["EPSG",1437]
} r
STEP [COORDINATEOPERATION [UKKU to ETRS89",
SOURCECRS [GEOGCRS [ "KKJV!
..full WKT definition of step 2 source CRS required here but omitted for brevity...] 1,
TARGETCRS [GEOGCRS{UETRS89"
..full WKT definition-of step 2 target CRS required here but omitted for brevity...] ],
METHOD ["Coordinate Frame rotation",ID["EPSG",9607]]
PARAMETER [ <axis translation",-96.062, LENGTHUNIT|["metre",1.0]1],
..full WKT definition of operation KK] to ETRS89 required here but omitted for brevity...
ID["EPSG.Y10098]
] 4
USAGE[SCOPE ["Concatenated operation scope description."],
AREA["Concatenated operation area description.”]],
REMARK ["Step 2 is applied in reverse direction"]
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EXAMPLE 2  The same concatenated operation as in Example 1, with no geodetic registry ID for the
individual step transformations so both steps documented in the direction as applied in the concatenated
operation. Note reversal of sign of parameter in second step compared to those in Example 1:

CONCATENATEDOPERATION ["RT90 to KKJ",
SOURCECRS [GEOGCRS ["RT90",
..full WKT definition of concatenated operation source CRS required here but omitted for brevity...] 1,
TARGETCRS [GEOGCRS ["KKJ",
..full WKT definition of concatenated operation target CRS required here but omitted for brevity...1 1,
STEP [COORDINATEOPERATION["RT90 to ETRS89",

SOURCECRS [GEOGCRS ["RT90™"

...full WKT definition of step 1 source CRS required here but omitted for brevity...] 1,

TARGETCRS [GEOGCRS ["ETRS89"

...full WKT definition of step 1 target CRS required here but omitted for brevity...] 1,

METHOD [

...full WKT definition of operation RT90 to ETRS89 required here but omitted for brevity,:.

STEP [COORDINATEOPERATION["ETRS89 to KKJ",

SOURCECRS [GEOGCRS ["ETRS89"

...full WKT definition of step 2 source CRS required here but omitted for brevityy.]1 1,
TARGETCRS [ GEOGCRS [ "KKJ"

...full WKT definition of step 2 target CRS required here but omitted for brevity...] 1,
METHOD ["Coordinate Frame rotation",ID["EPSG",9607]]

PARAMETER ["X-axis translation",96.062, LENGTHUNIT["metke",1.0]17,

...full WKT definition of operation ETRS89 to KK] required heredut-omitted for brevity...

20 WKT pepresentation of CRS and coordinate operation couplets

20.1 Bound CRS

The definitipon of a CRS is not dependent upon.any relationship to an independent CRS. Howevgr, in
an implemegntation that merges datasets (referenced to differing CRSs, it is sometimes usefpl to
associate the definition of the transformation that has been used with the CRS definition. |This
facilitates the interrelationship of CRS’by concatenating transformations via a common or hub|CRS.
This documjent permits the association of an abridged coordinate transformation description with a
coordinate ffeference system desgription in a single text string. In a bound CRS the abridged coordjnate
transformatlion is applied to thé’source CRS with the target CRS being the common or hub system.

Requirement: The WKT répresentation of a bound CRS shall be:

<bound crs> u= <bound crs keyword> <left delimiter>
<source crs> <wkt separator> <target crs>

<wkt separator> <abridged coordinate transformation>

rs £ £if3 ]
seope-extentidentifterremrark
<right delimiter>
<bound crs keyword> u= BOUNDCRS

Examples are given in 20.3.

The source and target CRSs shall be defined through a full CRS description as described in Clause 8. If
the source CRS type is projected and the abridged coordinate transformation operates in the geodetic
CRS domain, the transformation is deemed to operate on the projected CRS’s base CRS but the projected
CRS shall be described.

76 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=02cc0e8ba3e861d989125db486fa099c

20.2

IS0 19162:2019(E)

Bound CRS components

20.2.1 Abridged coordinate transformation

In the WKT representation of projected coordinate reference systems the units of map projection
parameters may be implied (see 9.3). In a similar way the abridged coordinate transformation also
omits explicit identification of coordinate transformation parameter unit from the text string. It has
several constraints.

Requirements:

a)
b)

c

<abri

<abri

20.2

In an
that

20.2

Requirement: The WKT representation of an abridged transformation parameter shall be

<abr

The format for abridged transformation parameter is similar to that for coordinate operatio

defin

Theabridged form of coordinate transformation siratt onty be Used as part of a bound |

The abridged transformation shall be described in the sense from <source CRS> to\<ta

'he WKT representation of an abridged coordinate transformation shall be:

ged coordinate transformation> ::= <abridged transformation keyword> <left delimitér>-<operation namd
[ <wkt separator> <operation version> |

<wkt separator> <operation method>

[ { <wkt separator> { <abridged transfdrmation parameter>

| <operation parameter file> } } ]«

<scope extent identifier remark> <right delimiter>

iged transformation keyword> u= ABRIDGEDTRANSFORMATION

2 Coordinate operation method in abridged-coordinate transformations

abridged coordinate transformation description the format for operation method isg
for coordinate operation method defined.in' Clause 17.

3 Abridged coordinate transformation parameter

dged transformation paramgter> u= <parameter keyword> <left delimiter>
<parameter name> <wkt separator>
<parameter value>

[ { <wkt separator> <identifier>} ]... <right delimite

ed in 1A2.5 but with the following constraints on parameter values:

Req

iréments:

RS.
rget CRS>.

identical to

r>

N parameter

a) I'he value of parameters which are linear shall be given In metres.

b) The value of parameters which are angular shall be given in arc-seconds (4.848 136 811 095 E-06
radian).

c) The value of parameters which are scale units shall be given as a number with respect to unity, for
example 3.5 parts per million (ppm) shall be given as 1.000 003 5 and -3.5 ppm shall be given as
0.999 996 5.

d) <unit> shall not be given.

e) Implementations are expected to identify the parameter value unit type from the parameter name.

f) The parameter values shall be described in the sense from source CRS to target CRS.
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The order within the sequence is not significant but should be logical.

EXAMPLE

20.2.4 Coo

ABRIDGEDTRANSFORMATION ["Tokyo to JGD2000 (GSI)",
METHOD ["Geocentric translations",ID["EPSG",1031]17,
PARAMETER["X-axis translation",-146.414],
PARAMETER["Y-axis translation",507.337],
PARAMETER(["Z-axlis translation",680.507]

rdinate operation parameter file

Operation p

20.3 Exam
EXAMPLE 1

BOUN
S

TH

AH

]
EXAMPLE 2

BOUN

hrameter file is defined in 17.2.6.

[ples of WKT describing a bound CRS

DCRS [

URCECRS [

GEODCRS ["NAD27",
DATUM["North American Datum 1927",

ELLIPSOID["Clarke 1866",6378206.4,294.9786982134

] ’
CS[ellipsoidal,?2],
AXIS["latitude",north],AXIS["longitude", eastd,
ANGLEUNIT ["degree",0.0174532925199433]

RGETCRS [
GEODCRS ["NAD83",
DATUM["North American Datum 1988%,
ELLIPSOID["GRS 1980",637813M=<98.2572221]
]I
CS[ellipsoidal,?2],
AXIS["latitude",north] #MAXIS["longitude",east],
ANGLEUNIT ["degree", 0Q174532925199433]

RIDGEDTRANSFORMATTON ["NAD27 to NAD83 Alaska",
METHOD [ "NADCONM NB ["EPSG", 961311,
PARAMETERFILEf\“Tatitude difference file","alaska.las"],
PARAMETERFZREY"Longitude difference file","alaska.los"]]

DERS [

S

URCECRS T utt WK T definitiom required-here but ommitted for brevity—1,

TARGETCRS [..full WKT definition required here but omitted for brevity...] ,

ABRIDGEDTRANSFORMATION["NAD27 to NAD83(86)

78

National",
METHOD ["NTv2",ID["EPSG", 9615117,

PARAMETERFILE ["Latitude and longitude difference file","NTv2 0.gsb"]]
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EXAMPLE 3

BOUNDCRS [

SOURCECRS [..full WKT definition required here but omitted for brevity...],

TARGETCRS [..full WKT definition required here but omitted for brevity...] ,

ABRIDGEDTRANSFORMATION ["Amersfoort to ETRS89 (3)",
METHOD ["Coordinate Frame",ID["EPSG",1032]1],
PARAMETER["X-axis translation",565.2369,ID["EPSG",8605]],
PARAMETER["Y-axis translation",50.0087,ID["EPSG",8606]],
PARAMETER(["Z-axis translation",465.658,ID["EPSG",8607]1],
PARAMETER["X-axis rotation",0.407,ID["EPSG",8608]],
PARAMETER["Y-axis rotation",-0.351,ID["EPSG",8609]],

NOTH
trans

PARAMETER["Z-axis rotation",1.870,ID["EPSG",8610]17,
PARAMETER["Scale difference",1.000004812,ID["EPSG",86111]]

Compare the rotation values (here in arc-seconds because they are n“an abridge
formation) with those in the fourth example in 17.3.

d coordinate
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Annex A
(normative)

Abstract test suite

A.1 Conformance of a WKT string describing a geodetic or geographic CRS

A.1.1 Sty

a) Test puj
system
require

b) Test me
and tha

c) Referen|

d) Testtyq

A.1.2 Content

a) Test pui
system

b) Test me
geogray

c) Referen|

icture

pose: to determine whether a text string representation of a geodetic coordinate refej
or of a geographic coordinate reference system conforms to the charaeters and sy
H by this document.

thod: verify that the structure of the WKT string conforms to the requirements of Claj
[ text string syntax conforms to the requirements of Clause 6.

ce: Clauses 5 and 6.

e: capability.

pose: to determine whether a text string representation of a geodetic coordinate refef
conforms to the content required by this do¢ument.

thod: verify that the text string includeS’all of the elements specified for a geodetic C]
hic CRS, and that these use the corréét terminology and syntax.

ce: Clauses 7 and 8.

e: capability.

prmance of a WK string describing a projected CRS

icture

pose: to determine whether a text string representation of a projected coordinate refef
conformsto the characters and syntax required by this document

thod: verify that the structure of the WKT string conforms to the requirements of Claj

d) Testtyq
A.2 Conf
A.2.1 Stry
a) Testpui

system
b) Test me

and tha

ence
ntax

ence

RS or

ence

c) Referen

[ text string syntax conforms to the requirements of Clause 6

ce: Clauses 5 and 6.

d) Testtype: capability.

A.2.2 Con

tent

a) Testpurpose: to determine whether a text string representation of a projected coordinate reference
system conforms to the content required by this document.

b) Test method: verify that the text string includes all of the elements specified for a projected CRS,
and that these use the correct terminology and syntax.

c) Referen

80

ce: Clauses 7, 8 and 9.
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d) Testtype: capability.

A.3 Conformance of a WKT string describing a vertical CRS

A.3.1 Structure

a) Test purpose: to determine whether a text string representation of a vertical coordinate reference
system conforms to the characters and syntax required by this document.

b) Test method: verify that the structure of the WKT string conforms to the requirements of Clause 5

d) Testtype: capability.
A.3.2 Content

a) Test purpose: to determine whether a text string representation of’a,vertical coordinate reference
gystem conforms to the content required by this document.

b) Test method: verify that the text string includes all of the elenients specified for a vertical CRS, and
that these use the correct terminology and syntax.

c) Reference: Clauses 7 and 10.

d) Testtype: capability.

A.4 | Conformance of a WKT string describing an engineering CRS

A.4.1 Structure

a) Test purpose: to determine whether a text string representation of an engineering coordinate
feference system conforms tothe characters and syntax required by this document.

b) Test method: verify that(the structure of the WKT string conforms to the requirements of Clause 5
gnd that text string syntax conforms to the requirements of Clause 6.

c) Reference: Clause€s.5 and 6.

d) Testtype: capability.

A.4.2 Content

a) Test purpose: to determine whether a text string representation of an engineering coordinate

trafirancn cyrckama oo oo bt n st ot d bl i Ao At
IreIicrericce O.y-)l.\.zlll CUITIVUTIITITOS tU LIIC LuIIteII 1 \'Lalull A% ¢ U)’ CIITO UUCUITIICIIL,

b) Test method: verify that the text string includes all of the elements specified for an engineering
CRS, and that these use the correct terminology and syntax.

c) Reference: Clauses 7 and 11.

d) Testtype: capability.
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A.5 Conformance of a WKT string describing a parametric CRS

A.5.1 Structure

a) Test purpose: to determine whether a text string representation of a parametric coordinate
reference system conforms to the characters and syntax required by this document.

b) Test method: verify that the structure of the WKT string conforms to the requirements of Clause 5
and that text string syntax conforms to the requirements of Clause 6.

c) Referen

d) Testtyq

A.5.2 Co:]tent

a) Testp
referen

b) Test me
and tha

c) Referen|

d) Testtyq
A.6 Conf
A.6.1 Stry
a) Testpui

system
b) Test me|

and tha

c) Referen|

d) Testtyq

A.6.2 Content

ce: Clauses 5 and 6.

e: capability.

rpose: to determine whether a text string representation of a parametric coord
fe system conforms to the content required by this document.

thod: verify that the text string includes all of the elements specified for a parametric
f these use the correct terminology and syntax.

ce: Clauses 7 and 12.

e: capability.

prmance of a WKT string describing a t€mporal CRS

icture

pose: to determine whether a text stringrepresentation of a temporal coordinate refej
conforms to the characters and syntax required by this document.

thod: verify that the structure.ofthe WKT string conforms to the requirements of Claj
F text string syntax conforms\to the requirements of Clause 6.

ce: Clauses 5 and 6.

e: capability.

pose: toddetermine whether a text string representation of a temporal coordinate refej
conforms to the content required by this document.

thiod: verify that the text string includes all of the elements specified for a temporal

Inate

CRS,

ence

ence

CRS,

a) Testpui
system
b) Test mg
and tha

c) Referen

w1 +1 — . 1 1 -
L LIITSC USC UIT COINTTLL LETIITIITIOIUE y dIIU Sy IILd X.

ce: Clauses 7 and 13.

d) Testtype: capability.

82
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A.7 Conformance of a WKT string describing a derived geodetic or derived
geographic CRS

A.7.1 Structure

a)

b)

c)
d)

Test purpose: to determine whether a text string representation of a derived geodetic coordinate
reference system of a derived geographic coordinate reference system conforms to the characters

and syntax required by this document.

Test method: verify that the structure of the WKT string conforms to the requirements of Clause 5

and that text string syntax conforms to the requirements of Clause 6.

ll{eference: Clauses 5 and 6.

Test type: capability.

A.7.2 Content

a)

b)

‘)
d)

A.8

A.8.

a)

b)

‘)
d)

A.8.

a)

b)

c)
d)

Test purpose: to determine whether a text string representation of a derived geodeti
derived geographic CRS conforms to the content required by this doeument.

Reference: Clauses 7, 8.2, 14.2 and 14.3.

Test type: capability.

Conformance of a WKT string describing a derived projected CRS

| Structure

Test purpose: to determine whether a text string representation of a derived projecte
feference system conforms to the characters and syntax required by this document.
gnd that text string syntax conforms to the requirements of Clause 6.

Reference: Clauses\5-dnd 6.

Test type: capability.

2 Content

Test'\purpose: to determine whether a text string representation of a derived projecte
reference system conforms to the content required by this document.

¢ CRS or of a

Test method: verify that the text string includes all of the elements specified for a deriyed geodetic
[RS or for a derived geographic CRS, and that these use the correct terminology and syntax.

d coordinate

Test method: verify thatthe/structure of the WKT string conforms to the requirement$ of Clause 5

(Ii coordinate

Test method: verify that the text string includes all of the elements specified for a derived projected

CRS, and that these use the correct terminology and syntax.

Reference: Clauses 7,8.2,9.2, 9.3, 14.2 and 14.4.

Test type: capability.
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A.9 Conformance of a WKT string describing a derived vertical CRS

A.9.1 Structure

a) Test purpose: to determine whether a text string representation of a derived vertical coordinate
reference system conforms to the characters and syntax required by this document.

b) Test method: verify that the structure of the WKT string conforms to the requirements of Clause 5
and that text string syntax conforms to the requirements of Clause 6.

c) Reference: Clauses 5 and 6.

d) Testtype: capability.
A.9.2 Content

a) Test purpose: to determine whether a text string representation of a derived yertical coordjnate
referen¢e system conforms to the content required by this document.

b) Test method: verify that the text string includes all of the elements specified for a derived vertical
CRS, ang that these use the correct terminology and syntax.

c) Referenice: Clauses 7, 10.2, 14.2 and 14.5.

d) Testtyge: capability.

A.10 Conformance of a WKT string describing a derived engineering CRS

A.10.1 Structure

a) Testpuippose: to determine whether a text stringrepresentation of a derived engineering coordjnate
referen¢e system conforms to the characters;and syntax required by this document.

(2]

b) Test method: verify that the structure.ofthe WKT string conforms to the requirements of Clatise
and thaf text string syntax conforms\to the requirements of Clause 6.

c) Referenice: Clauses 5 and 6.
d) Testtyge: capability.
A.10.2 Content

a) Testpuipose: todetermine whether a text string representation of a derived engineering coordjnate
referen¢e system conforms to the content required by this document.

b) Test me¢thed: verify that the text string includes all of the elements specified for a derived
engineerimg €RS;amdthattheseuse thecorrectterminotogy amdsymntax:

c) Reference: Clauses 7, 11.2, 14.2 and 14.6.

d) Testtype: capability.

A.11 Conformance of a WKT string describing a derived parametric CRS

A.11.1 Structure

a) Testpurpose: to determine whether a text string representation of a derived parametric coordinate
reference system conforms to the characters and syntax required by this document.
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Test method: verify that the structure of the WKT string conforms to the requirements of Clause 5

and that text string syntax conforms to the requirements of Clause 6.
Reference: Clauses 5 and 6.

Test type: capability.

A.11.2 Content

a) Testpurpose: to determine whether a text string representation of a derived parametric coordinate

b)

‘)
d)

reference system conforms to the content required by this document.

parametric CRS, and that these use the correct terminology and syntax.

Reference: Clauses 7,12.2, 14.2 and 14.7.

Test type: capability.

A.12 Conformance of a WKT string describing a derived temporal CRS

A.12.1 Structure

a)

b)

c)
d)

Test purpose: to determine whether a text string representation of a derived tempora
feference system conforms to the characters and syntax required by this document.

Test method: verify that the structure of the WKT string conforms to the requirement
gnd that text string syntax conforms to the requirements of Clause 6.

Reference: Clauses 5 and 6.

Test type: capability.

A.12.2 Content

a)

b)

‘)
d)

feference system confonmsto the content required by this document.

Test method: verifycthat the text string includes all of the elements specified for a deriv
LRS, and that these\use the correct terminology and syntax.

Reference: Clatises 7,13.2, 14.2 and 14.8.

Test typexeapability.

A.13 Eonformance of a WKT string describing a compound CRS

Test method: verify that the text string includes all of the elements specified for a derived

[l coordinate

5 of Clause 5

Test purpose: to determine-whether a text string representation of a derived temporal coordinate

ed temporal

A.13.1 Structure

a)

b)

‘)
d)

Test purpose: to determine whether a text string representation of a compound coordinate

reference system conforms to the characters and syntax required by this document.

Test method: verify that the structure of the WKT string conforms to the requirements of Clause 5

and that text string syntax conforms to the requirements of Clause 6.
Reference: Clauses 5 and 6.

Test type: capability.
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A.13.2 Content

a) Test purpose: to determine whether a text string representation of a compound coordinate
reference system conforms to the content required by this document.

b) Test method: verify that the text string includes all of the elements specified for a compound CRS,
and that these use the correct terminology and syntax.

c) Referen

ce: Clause 15.

d) Testtype: capability.

A.14 Conf:

A.14.1 Sty

a) Test pul
to the cl

b) Test me
and tha

c) Referen|

prmance of a WKT string describing coordinate metadata

icture

'pose: to determine whether a text string representation of coordinate,metadata conf
haracters and syntax required by this document.

thod: verify that the structure of the WKT string conforms to the'xequirements of Claj
F text string syntax conforms to the requirements of Clause 6.

ce: Clauses 5 and 6.

d) Testtyge: capability.
A.14.2 Content
a) Test purpose: to determine whether a text string representation of coordinate metadata conf

to the c

b) Test md
metada

c) Referen|

d) Testtyq

A.15 Conf:

A.15.1 Stry

a) Test pu

bntent required by this document.

thod: verify that the text string includes all of the elements specified for coord
[a

ce: Clause 16.

e: capability.

prmance of a WKT string describing a coordinate transformation

icture

Fpose: to.determine whether a text string representation of a coordinate transform

prms

prms

Inate

htion

confornps to the characters and syntax required by this document.
b) Test mwwmmmmmm

and that text string syntax conforms to the requirements of Clause 6.

c) Referen

ce: Clauses 5 and 6.

d) Testtype: capability.

A.15.2 Content

=
(%]
D
U1

a) Test purpose: to determine whether a text string representation of a coordinate transformation
conforms to the content required by this document.

b) Test method: verify that the text string includes all of the elements specified for a coordinate
transformation, and that these use the correct terminology and syntax.

86
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Reference: Clause 17.

Test type: capability.

A.16 Conformance of a WKT string describing a point motion operation

A.16.1 Structure

a) Test purpose: to determine whether a text string representation of a point motion operation

b)

‘)
d)

A.14.2 Content

d)

A.17 Conformance of a WKT string describing a concatenated coordinate
operation

A.17.1 Structure

a)

b)

A
d)

A- 1— -2 CUlltCllt

a)

b)

)
d)

conforms to the characters and syntax required by this document.

est method: verify that the structure of the WKT string conforms to the requirement
nd that text string syntax conforms to the requirements of Clause 6.

eference: Clauses 5 and 6.

.

[est type: capability.

¢onforms to the content required by this document.

Test method: verify that the text string includes all of the elements specified for a g
Iperation, and that these use the correct terminology-and syntax.

eference: Clause 18.

Test type: capability.

Test purpose: to detertnine whether a text string representation of a concatenated
operation conforms to the characters and syntax required by this document.

.

[est method: verify that the structure of the WKT string conforms to the requirement
and that text strihg syntax conforms to the requirements of Clause 6.

ReferencerClauses 5 and 6.

Testtype: capability.

5 of Clause 5

Test purpose: to determine whether a text string representation of a point motion operation

oint motion

coordinate

5 of Clause 5

Test purpose: to determine whether a text string representation of a concatenated coordinate

operation conforms to the content required by this document.

Test method: verify that the text string includes all of the elements specified for a concatenated

coordinate operation, and that these use the correct terminology and syntax.
Reference: Clause 19.

Test type: capability.
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A.18 Conformance of a WKT string describing a bound CRS

A.18.1 Structure

a) Test purpose: to determine whether a text string representation of a bound CRS conforms to the
characters and syntax required by this document.

b) Test method: verify that the structure of the WKT string conforms to the requirements of Clause 5
and that text string syntax conforms to the requirements of Clause 6.

c) Reference: Clauses 5 and 6.

d) Testtype: capability.

A.18.2 Content

a) Test purpose: to determine whether a text string representation of a bound CRS eonforms tp the
content|required by this document.

b) Test method: verify that the text string includes all of the elements specified for a bound CRS, and
that these use the correct terminology and syntax.

c) Referenice: Clause 20.

d) Testtyge: capability.
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document defines the structure and content of WKT strings. It does not specifically
rements for implementations that write or read these strings. Some recommendati
bmentations are given in B.2 to B.8.

Keywords

I Keyword case sensitivity

keywords by definition are case insensitive. KEYWORD is équivalent to keyword is ¢
Vord and to KEYwORd. Where human readability is important (as in the examples in thi
fords should be written in only the <simple Latin upper.case letter> set.

VORD is not equivalent to KEY_WORD. The underseore character is significant.

D

Alternative keywords

Fe alternative keywords are defined, as a-minimum, implementations should be able
rred and to read all alternatives.

eodeticand vertical CRSs two alterhative keywords (geodeticDatum/verticalDatum an|
ermitted. For brevity and backward compatibility, datum and vdatum are recommer
f the alternatives be preferred then it is recommended to use geodeticDatum/vertica
assical datums and TRF/VRF only for modern frames.

B Handling of unrecognised keywords

recognised that prior to the publication of this document some tokens that are not]
Hocument havebeen produced. Parsers reading CRS WKT strings and encountering u
rords should~ignore the token and its content. They should be able to continue parsir
but throwing an exception.

B.3

address the
bns for such

quivalent to
5 document)

to write the

d TRF/VRF)
ded. Should
Datum only

included in
hrecognised
g the string

€haracters

B.3.1 Handling of unrecognised characters

Implementations parsing WKT strings conformant with this document are not required to be able to
read non-LATIN1 character sets. But if they are unable to do so they should be able to continue reading
the WKT string by ignoring the <remark> token (keyword and content) without throwing an exception.

B.3.2 String length

The length of a WKT string or of its components is not prescribed. However, the following maximum
lengths are recommended for implementations writing CRS WKT strings:

— The total length of a keyword should not exceed 24 characters.
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